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SUMMARY OF PROCEEDINGS OF THE SIXTH ANNUAL 
MEETING. 


DELAWARE WATER Gap, Ps., JULY 1, 2, 3, 1903. 


THe SixtH ANNUAL MEETING OF THE AMERICAN SOCIETY FOR 
TEsTING MATERIAts was held at the Kittatinny Hotel, Delaware Water 
Gap, Pa., on July 1, 2, 3, 1903. The total attendance at the meeting, 
including guests, was upward of one hundred. 

The following members were present or represented at the meeting: 
Ajax Metal Company, represented by G. H. Clamer; American Bridge 
Company, represented by C. C. Schneider; American Foundrymen’s 
Association, represented by Richard G. G. Moldenke; Bethlehem Steel 
Company, represented by Albert Ladd Colby; C. W. Boynton, Joseph 
W. Bramwell, F. A. Burdett; Cambria Steel Company, represented by 
George E. Thackray; William Campbell; Carnegie Steel Company, 
represented by John McLeod and E. H. Martin; F. D. Carney, James 
Christie, F. H. Clark, Albert Ladd Colby, Edgar S. Cook, David'S. 
Creswell, Harold M. Dabbs, H. E. Diller; Dixon Crucible Company, 
represented by Malcolm McNaughton; W. C. Du Comb, Jr., Charles 
B. Dudley, W. O. Dunbar; Engineering Record, represented by John 
M. Goodell; J. Walter Esterline; Farrel Foundry and Machine Com- 
pany, represented by Herbert E. Field; Francis A. J. Fitzgerald, Stanley 
G. Flagg, Jr., Edward M. Hagar, William K. Hatt, Charles L. Huston; 
Illinois Steel Company, represented by P. E. Carhart; Iron Trade 
Review, represented by A. I. Findlay; Robert Job, Arthur N. Johnson; 
Jones and Loughlins, Limited, represented by Jesse J. Shuman; William 
Kent, J. A. Kinkead, C. Kirchhoff, D. A. Kohr, Gaetano Lanza; 
Lathbury & Spackman, represented by E. W. Lazell; R. W. Lesley; 
Lukens Iron and Steel Company, represented by Charles L. Huston; 
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John McLeod, Charles Major, Edgar Marburg, Charles A. Matcham, 
John A. Mathews, Richard K. Meade, E. D. Meier, Mansfield Merri- 
man, Rudolph P. Miller, Charles M. Mills, Richard G. G. Moldenke, 
George L. Norris, Logan Waller Page; Pennsylvania Steel Company, 
represented by F. D. Carney; James Madison Porter, H. H. Quimby, 
David Reid, Joseph W. Richards, Clifford Richardson, Joseph Royal, 
A. H. Sabin, Albert Sauveur, W. G. Scott, Henry B. Seaman, Porter 
W. Shimer, Jesse J. Shuman, Clinton R. Stewart, E. Platt Stratton, 
George F. Swain, Howard Taggart, William Purves Taylor, George E. 
Thackray, George W. Thompson, J. L. Van Ornum, Charles H. 
Vannier, S. S. Voorhees, Samuel Tobias Wagner, George S. Webster, 
William R. Webster, J. W. Whitehead, Jr., Jasper Whiting, Max H. 
Wickhorst, N. B. Wittman, Paul L. Wolfel, Walter Wood, representing 
also R. D. Wood Company. Total number, 89 (including representa- 
tions); total number in personal attendance, 82. 


First SESSION.—WEDNESDAY, JULY I, 3 P.M. 


Business Meeting. 


President Charles B. Dudley in the chair. 

The minutes of the Fifth Annual Meeting were approved as 
printed. 

The Annual Report of the Executive Committee was read by the 
Secretary and adopted. 

The following amendments of the By-Laws, proposed by the 
Executive Committee, were passed to letter-ballot by unanimous 
vote: 

That Section 3, Article I., be designated Section 4, and that a new 
Section 3 be inserted, viz.: Any member who subscribes annually the 
sum of fifty dollars ($50) toward the general funds of the Society shall 
be designated a Contributing Member, his rights and privileges asa 
member remaining unchanged. 

The Chair appointed Messrs. G. H. Clamer and W. K. Hatt as 
tellers to canvass the ballot for officers. 
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‘Then followed the presentation and discussion of the reports of 
the following committees: 

On Preservative Coatings for Iron and Steel, S. S. Voorhees, 
Chaimman-. 

On the Magnetic Properties of Iron and Steel, J. Walter Esterline, 
Chairman. 

On Standard Specifications for Cast Iron and Finished Castings, 
Walter Wood, Chairman. 

Professor J. L. Van Omum gave an informal account of his experi- 
ments on “The Effect of Repeated Stresses on Concrete,” which was 
followed by 2 general discussion. 

A motion offered by Mr. R. W. Lesley, that the Executive 
Committee be requested to consider the desirability of appointing a 
committee on “Reinforced Concrete Construction,” with a view of 
co-operating with other societies in the study of that subject, was 


The tellers reported that 77 legal ballots for officers had been cast, 
and in accordance with their report the Chair declared the election of 
Mesars. Albert Ladd Colby and John McLeod as members of the 
Executive Committee for the ensuing term of two years. 

The meeting thereupon adjourned ull 3 Pat. 


Srconp SESSION.—WEDNESDAY, JULY 1, 8 Paw. 


Vice-President R. W. Lesley im the chair. 

The session was opened with the reading of the Annual Address 
by the President on “The Making of S ifications.” 

Vice-President Lesley then yielded the chair to President Dudley, 
and Mr. A. Cushman read a paper on “The United States Road 
Material Laboratory: Its Aims and Methods,” by Messrs. L. W. Page 
and A. Cushman. 

On close of the discussion, Mr. L. W. Page moved that the question 
of appointing a committee on “Specifications for Road Material Tests” 
be referred to the Executive Committee. 

Professor W. K. Hatt suggested the desirability of recommending 
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to the Executive Committee that this question be referred to the Com- 
mittee on “Standard Specifications for Paving and Building Brick,” 
whose title might be changed to that proposed by Mr. Page. 

Mr. Page accepted this suggestion as an amendment to his motion, 
and the motion thus amended prevailed. 

This was followed by the reading and discussion of a paper on 
“A Preliminary Program for the Timber Test Work to be Undertaken 
by the Bureau of Forestry, United States Department of Agriculture,’* 
by Professor W. K. Hatt. 

The meeting then adjourned till the following morning. 


Turd SESSION.—THURSDAY, JULY 2, 10 A.M. 


On Specifications jor Iron and Sieel. 


President Dudley in the chair. 

The session was opened with the presentation of the annual report 
of Committee “A” on Standard Specifications for Iron and Steel, 
William R. Webster, Chairman. 

The following specifications were submitted with introductory 
remarks on the part of the representatives of the various committees: 

By Mr. C. C. Schneider—Specifications for Iron and Steel Struc- 
tures Adopted by the American Railway Engineering and Maintenance 
of Way Association in March, 1903. J. P. Snow, Chairman. 

By Mr. F. H. Clark—Specifications for Locomotive Axles and 
Forgings Recommended by a Committee of the American Railway 
Master Mechanics’ Association in June, 1903. F. H. Clark, Chair- 
man. 
By Mr. William R. Webster—Specifications on Steel Rails Adopted 
by the American Railway Engineering and Maintenance of Way Asso- 
ciation in. March, 1902, and the Modifications Submitted in March, 
1903. William R. Webster, Chairman. 

By Mr. Albert Ladd Colby—Manufacturers’ Standard Specifica- 
tions as Revised in February, 1903, and Their Comparison with Other 
Recent Prominent Specifications. 

By Mr. William Kent—Specifications for Boiler Plate, Rivet Steel 
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Steel Castings, and Steel Forgings Recommended by a Committee of 
the American Society of Mechanical Engineers in June, 1903. H. W. 
Spangler, Chairman. 

After a general discussion, the foregoing specifications were 
referred to Committee “A” on Standard Specifications for Iron and 
Steel. 

In the absence of the author a paper entitled “A Brief Account 
of the History and Methods of the International Railway Congress,” 
by Mr. P. H. Dudley, was read by title. 

Then followed a topical discussion on the question, “In What 
Respects Do the Requirements for Structural Steel for Bridge-Building 
and Ship-Building Purposes Differ ?”’ 

On motion this question was referred to Committee A. 

The meeting then adjourned till 8 p.m. 


FourtTH SESSION.—THURSDAY, JULY 2, 8 P.M. 


On Steel. 


President Dudley in the chair. 

The program was begun with a topical discusstan on “The Appli- 
cations of Nickel Steel,’ introduced by Messrs. Charles B. Dudley, 
Albert Ladd Colby, and John McLeod. 

A paper on “The Casting of Pipeless Ingots by the Sauveur 
Overflow Method,” by Messrs. Albert Sauveur and Jasper Whiting, 
was followed by a topical discussion on “The Rolling of Piped Rails,” 
opened by Messrs. Albert Sauveur and Robert Job. 

In the absence of the author, Mr. Gustav Lindenthal, a paper on 
“ Alternate Stresses in Bridge Members” was read by title. 

On motion of Mr. E. D. Meier, the Executive Committee was 
requested to consider the desirability of co-operating with other organi- 
zations to bring about a modification of the laws governing the inspec- 
tion of steamboat and steamship boilers. 

The meeting then adjourned till the following morning. 
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FirTH SESSION.—FRIDAY, JULY 3, Io A.M. 


Section on Cast Iron. 


President Dudley in the chair. 

A paper on “The Importance of Adopting Standard Sizes of Test 
Bars for Determining the Strength of Cast Iron,” by Mr. Alex. E. 
Outerbridge, Jr., was, in the absence of the author, read by title. 

The following papers were then presented in the order given and 
discussed jointly: 

“Machine-Cast Sandless Pig Iron in Relation to the Standardizing 
of Pig Iron for Foundry Purposes,” by Mr. Edgar S. Cook. 

“The Physical Properties of Malleable Castings as Influenced by 
the Process of Manufacture,”’ by Mr. Richard Moldenke. 

“Cast Iron for Dynamo and Motor Frames,” by Mr. H. E. 
Diller. 

*‘A Consideration of the Reactions that Make Cast Iron Valuable,” 
by Mr. H. E. Field. 

Then followed a discussion of the paper on “‘ The Constitution of 
Cast Iron,” presented by Professor Henry M. Howe at the Fifth Annual 
Meeting. This discussion was opened by Messrs. William Campbell 
and Albert Sauveur. 

A paper on “The Demand for a Specified Grade of Cast Iron,” 
by Mr. W. G. Scott, was read by title. 

An adjournment was then taken till-3 p.m. 


Section on Cement and Bitumen. 


Vice-President R. W. Lesley in the chair. 

The report of the Committee on Standard Specifications for Cement 
was presented by Professor George F. Swain, Chairman. 

Mr. Clifford Richardson stated that it had been found impracticable 
to effect a satisfactory organization of the Committee on Bitumen and 
recommended that this committee be discharged. On motion it was 
recommended that the Executive Committee take such action. 
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The following papers were then read and discussed: 

“The Testing of Bitumens for Paving Purposes,” by Mr. A. W. 
Dow. 

“Portland Cement Mortar Exposed to Cold,” by Mr. C. S. Gowen. 

“Some Observations on the Effect of Water and Combinations of 
Sand upon the Setting Properties and Tensile Strength of Portland and 
Natural Cements,” by Mr. E. S. Larned. 

““Soundness Tests of Portland Cement,” by Mr. W. P. Taylor. 

A paper on “Tests on the Compressive Strength of Concrete and 
Mortar Cubes,” by Mr. C. H. Umstead, was read by title. 

The meeting then adjourned till 3 p.m. 


SrxtH SESSION.—FRIDAY, JULY 3, 3 P.M. 


President Dudley in the chair. 

In the absence of the authors the following papers were read by 
title: 

“Springs,” by Mr. William Metcalf. 

“The Master Car Builders’ Drop-Testing Machine as Installed 
at Purdue University,” by Professor W. F. M. Goss. 

“Stremmatograph Tests of Unit Fiber Strains and Their Distribu- 
tion in the Base of Rails under Moving Locomotives, Cars, and Trains,” 
by Mr. P. H. Dudley. 

Then followed the reading and discussing of the following papers: 

“The Control of the Finishing Temperatures of Steel Rails by the 
Thermo-Magnetic Selector,” by Messrs. Albert Sauveur and Jasper 
Whiting. 

“A Direct-Reading Apparatus for Determining the Energy Losses 
in Transformer Iron,” by Professor J. Walter Esterline. 

“The Strength and Other Properties of the Light Aluminium 
Alloys,’ by Professor J. W. Richards. 

“The Testing of Bearing Metals,” by Mr. G. W. Clamer. 

On motion of Professor G. Lanza, the question as to what, if 
anything, should be done by way of studying the behavior of material 
subjected to alternate stresses, was referred to the Executive Com- 
mittee, with power. 
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The following resolutions offered on behalf of the Executive Com- 
mittee were adopted: First, that on all standing committees concerned 
~ with subjects involving commercial interests an equal numeric balance 
shall be preserved between engineers, scientists, and representatives of 
consumers on the one hand, and manufacturers or their representatives 
on the other; second, that the permanent chairmanship shall be vested 
in a member belonging to the former class, duly elected by the Com- 
mittee. 
The President thereupon declared the meeting adjourned sine die. 
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PROCEEDINGS. 


The Society is not responsible, as a body, for the statements and opinions 
advanced in its publications. 


THE MAKING OF SPECIFICATIONS FOR MATERIALS, 
ANNUAL ADDRESS BY THE PRESIDENT, CHARLES B, DUDLEY. 


It has occurred to us that in the present state of development 
of our Society, it might not be amiss to discuss some points in the 
making of specifications for materials. If we understand the matter 
correctly, there is more or less doubt and ambiguity in the mind 
of many; and while it is not hoped or expected that the present 
discussion will put the whole matter at rest, it is believed that it 
will serve some valuable purpose to have on record an attempt 
at a presentation of the case, as it looks to one who has spent over 
twenty years in daily contact with practical specifications for 
materials. It is not expected that all that is said will be agreed 
to, and it is more than probable that much of what follows will 
be found not applicable by others. Nevertheless, it is perhaps 
§ worth our time to go over the matter together. 

The first point which we will discuss is the query, “What has 
a society devoted to the testing of materials to do with the making 
of specifications?” Should not methods of testing and the finding 
out of the various properties of materials, which render them 
valuable and useful, be its legitimate field of study, rather than 
the assembling or combining of these various properties in the form 
of specifications? Should not the work of making specifications 
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be undertaken by the engineers or the parties interested in any 
case? If we understand the matter rightly, this is the view taken 
by many of the leaders of the International Association, with which 
we are affiliated. The properties of materials and the methods of 
testing to discover those properties, seem to them to be the more 
legitimate field for the activity of the Society. In this country, on 
the contrary, we have taken what may be called the “broader 
view.” We regard as our legitimate field of study not only the 
valuable properties of materials, and the methods by which we 
are to determine those properties, but also the assembling, into 
concrete or useful form, our knowledge in regard to any service- 
able material. In our view, the more comprehensive field has 
much to recommend it. While it must be conceded that a society 
is doing good and valuable work which busies itself with the char- 
acteristics of the materials of construction and with the methods 
of testing, yet we cannot but feel that it must likewise be conceded 
that a society is doing better work which not only occupies the 
field of testing and study of materials, but also goes a step farther, 
and puts its accumulated information with its recommendations 
into definite and serviceable shape. Much may be said on both 
sides of the question, and its exhaustive treatment would absorb 
our whole time. We will therefore only add that we have failed 
to think of an argument in favor of making methods of testing 
the legitimate work of such a society as ours, which does not 
equally justify the making of specifications for majerials a part of 
that legitimate work. 

Coming now to the more definite discussion of our theme, it 
has occurred to us that it might be useful and valuable to give an 
exposé somewhat in detail of the methods practised at Altoona, 
in connection with the Laboratory of the Pennsylvania Railroad, 
in making specifications. It is of course recognized at the start 
that every specification is more or less affected by local conditions, 
and that much may be said which will not have universal appli- 
cation. Furthermore, the opinions which guide us in our work, 
and the results which we aim to accomplish, may reasonably not 
be accepted by others, and we have no disposition to think that 
what we shall say will be the last words on the subject. It may 
well happen, as time progresses, that much will be said by others 
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which will modify our present views and present practice, both in 
this country and abroad. 

The general plan which we have at Altoona is as follows: 
First, we try to find out what we want. Some difficulty arises in 
the service; some parts of constructions fail, or some material at 
present in use does not give satisfactory results, and an investi- 
gation is made to see if the cause of the difficulty can be located; 
or some product which is being largely used and which is being 
furnished by different makers, is believed not to be of equal quality 
from the different sources; or, indeed, it is desired to standardize 
a practice and make it uniform all over the road, and as an element 
in this problem the same quality of material must be furnished 
and used. These and other elements lead us to make investiga- 
tions into the nature of thé commercial products involved. These 
investigations lead to specifications. The specifications, after 
being made, are placed in the hands of the purchasing agent, and 
by him are made a part of the contract on which the materials 
are bought. Shipments of material in accordance with this con- 
tract being received, each shipment, or specified definite amount, 
is sampled, and the samples examined in ‘accordance with the 
specifications. If the samples stand test, the material is accepted 
and paid for; if not, the material is rejected and returned to the 
makers. This plan has been in daily use at Altoona, in connection 
with the Pennsylvania Railroad, for something over twenty years. 
The present number of specifications, both physical and chemical, 
is forty-seven’ (47). 

Now, how shall a specification be made? It is quite obvious 
from the nature of the case, that primarily in a specification two 
parties are interested, the producer of the material and the buyer 
or consumer, and in our first specifications only the relation of 
these two parties was considered. Indeed, we were accustomed 
to say for quite a period of time, that a specification was an attempt 
on the part of the consumer to tell the producer what he wanted. 
It necessarily followed from this limitation, that the first specifi- 
cations did little more than define the qualities of the material, 
and it seems more than probable that general specifications, such 
as our Society can deal with, will necessarily be largely confined 
to this feature, namely, defining the quality of the material. It 
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is true that methods of sampling, how much material one sample 
shall represent, and in some cases methods of testing, either in 
whole or in part, may wisely be embodied in a general specifica- 
tion, but it is obvious that all those features of a specification, 
which have to do with local conditions, cannot well be made a 
part of a general specification. 

As has already been said, at first our specifications considered 
almost exclusively the two principal parties involved, namely, the 
producer and the consumer, but as time progressed it was found 
desirable and advantageous to consider several other parties, who 
were or might be involved in the matter. Questions began to 
arise as to how much material should be involved in one test. 
Then came the question, Would it not be advisable to buy in lots 
of the same size as the test involves?’ Then came the question 
of sampling. Then came the question, Shall part of the work of 
deciding whether shipments fill the requirements be done at the 
works where the material is made, or shall it all be done after 
the shipment is received? If the former, an inspector is involved, 
and he must have information which could perhaps best be 
embodied in the specification itself. Furthermore, those who 
actually applied the tests, the chemist and the engineer of tests, 
would frequently ask questions in regard to methods, or interpre- 
tation of various points, and finally it was found that those who 
ultimately receive the material, such as the storekeeper or shop 
foreman, could frequently make certain inspections, better perhaps 
and cheaper than anyone else, and so information must be fur- 
nished for them. This necessity for information for the use of a 
number of different parties has made the modern fairly workable 
specification for certain materials to be a somewhat lengthy and 
at times a seemingly cumbrous affair. It is difficult to draw the 
line as to exactly what should be included and what excluded in 
a specification. The commercial interests of the manufacturer on 
one side, and the zeal, sometimes excessive it must be confessed, 
on the other side, on the part of the inspector or chemist or 
engineer of tests, lead to very close scrutiny of the wording of the 
specification, and it cannot be denied that many times conditions 
arise which make those who are deciding the fate of shipments 
wish that the specifications had been more minutely drawn. In 
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drawing a specification, one is always between two fires, the fear 
of making a specification too cumbrous and unwieldy, and the 
fear of leaving out something which will be found desirable or 
even essential a little later. As far as we can be said to have 
reached a positive conclusion at Altoona, it may perhaps be 
embodied in this, that a good workable specification should contain 
such information as is needed by the purchasing agent, such 
information as is needed by the manufacturer, by the inspector, 
by the chemist, by the engineer of tests, and by the people who 
are to receive and use the material. 

This view of the case will undoubtedly be conceded by all, 
but the exact amount of information covered by the word ‘“‘needed”’ 
is where the difficulty arises. For example, should the specification 
cover the chemical method involved in the analysis of the material? 
Should it cover the methods of testing? Should it cover the 
complete instructions for the inspector, meeting every point, and 
so on? Upon this point our views are that the specification should 
not attempt so much. Where methods of analysis, or methods of 
testing, or points which the inspector must look out for, are well 
known, or can be covered in general language, it is sufficient to 
do this only. Where new methods are involved, which are not 
well known and_ recognized, it is essential to either embody these 
in the specification, or to furnish this information in separate form, 
and refer to it in the specification. This is common practice, as 
is well known, in referring to drawings, blue prints, etc., and it 
may not be amiss at this point to state that in view of the diffi- 
culties connected with discrepancies in chemical analyses, we 
began, several years ago, to print and issue in separate form the 
methods used in our laboratory, making these methods a part of 
the specifications by reference only, and thus also a part of the 
contract. The same practice has prevailed otherwheres in regard 
to methods of physical testing, and it is our sincere hope that, 
sooner or later, our Society will issue in printed form what it 
recognizes as standard methods of testing. Such work, well and 
carefully done, will relieve specifications of much which they must 
now necessarily contain. 

This, perhaps, is the place to discuss one or two faults char- 
acteristic of many specifications which we have seen. We will 
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not attempt to deny, that in our earlier work on this subject the 
same faults characterized our specifications. They are in print 
and may be read and known by all. The special fault which 
characterizes many specifications is the attempt on the part of 
the one who draws the specification to make it a place to show 
how much he knows. We have seen specifications which were 
apparently drawn with no other thought in mind than to embody 


all the knowledge the writer had on the subject. No discussion 


is needed on this point. The folly of it is apparent to all. 

Another fault is in putting too many restrictions into the 
specifications. According to our views, the fewer possible restric- 
tions that a specification can contain, and at the same time afford 
the necessary protection in regard to the quality of the material, 
the better the specification is. In some of our specifications we 
have only one test; in others, perhaps half a dozen; the effort, 
however, being always to have the minimum number which will 
yield the product that is required. 

A third fault in specifications is in making the limits too 
severe. Some writers who draw specifications apparently put 
themselves in a position of absolute antagonism to those who are 
to make the material, and seem to have as a permanent thought 
in their minds to tie them down to the extreme limit. The maxi- 
mum that a single test piece shows, the minimum of an objec- 
tionable constituent that may be obtained by analysis, the extreme 
point in elongation that by chance some good and exceptional 
sample gives, are made to represent the total output of the works. 
It is, perhaps, needless to say that such extreme figures are the 
worst possible mistake in making specifications. The success or 
failure of structures, or of material in service, does not depend on 
such extreme figures. It is infinitely better to specify a good 
average material, and get the necessary protection in structures by 
a more liberal factor of safety in the design, than to insist on such 
extreme limits, which can only lead to constant friction and demand 
for concessions at the penalty of delaying the work. 

It may be interesting to know something of the routine leading 
to a complete specification in our work at Altoona. The first step 
in the process is the accumulation of information. This we obtain 
from any available sources. Sometimes we get samples from the 
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service which have given both good results and bad results, a 
sufficient number being obtained to get a reasonable average, and 
make of these samples careful analyses and physical tests. If now 
the results obtained show a difference, either in physical properties 
or in chemical composition between the good and the bad, the 
process is simple. The qualities of the material have actually 
been decided by the service. Again, in certain specifications the 
service does not give so much information, or it takes years for the 
service to develop what is good and what is bad. In such cases 
general knowledge is made use of, the resulting specifications 
being regarded as tentative, and after the material begins to be 
received it is carefully watched to see how it behaves. Again, 
direct, positive experiments are made, sometimes on a fairly large 
scale. The experiments leading up to the thermal test for cast- 
iron wheels involved the testing of some 200 wheels, representing 
as many kinds of wheels as could be obtained. These wheels 
were all tested thermally, and a complete record made of their 
behavior. By far the largest portion of them were then likewise 
analyzed, to see whether chemistry would throw any light on the 
problem. In the work leading to the specifications for axles, some 
two or three years were involved in the accumulation of the infor- 
mation. Every broken axle that failed in service, for a long time, 
was carefully analyzed and physical tests made. Again, it is of 
course recognized that the possibilities of the material must be 
considered; nothing must be specified beyond what the material 
will reasonably give. Again, in the accumulation of our material 
leading to a specification, it is usually customary to pay a visit 
to the parties who make the materials involved, and learn from 
them, as far as possible, what their materials will give. A more 
or less intimate knowledge of the methods used in the manufacture 
of the constituents which enter into the finished product, and of 
the properties of each, we deem an essential prerequisite to the 
drawing of a specification. Finally, the experience of practical 
men, as to the behavior and characteristics of materials which 
have been used for years, are made use of. Sometimes in writing, 
_ and sometimes in personal interview, these men are requested to 
state their experience, and it is not too much to say that from 
the practical men who know materials, principally by their daily 
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contact with them, extremely good and helpful suggestions have 
often been obtained. It should not be forgotten to mention, also, 
that other specifications, printed matter of all kinds, of which 
there is now such an abundance, proceedings of societies for 
testing, and other learned societies, investigations made and pub- 
lished by engineers, etc., are drawn upon whenever possible. It 
will be readily understood that this accumulation of information . 
in the case of important specifications takes much time. Some 
materials have been under study for ten years or more, and no 
specification has yet resulted. Other subjects are simpler and 
the specifications can be made in a few weeks. Not a few of our 
specifications at Altoona represent two or three years’ work in 
the accumulation of information, before it is ever put in shape. 
The material having been accumulated is digested, and some 
one of us puts it into the form of a specification, and here I may 
say what has been mentioned before, that it is rare that any 
attempt is made to put into the first draft of a specification all 
the knowledge that we have. In the thermal test of wheels already 
referred to, it was found that wheels under thermal test broke in 
nine different ways, and that they stood under thermal test without 
breaking from a few seconds to seven minutes. The specification 
as finally drawn rejected wheels only when they broke in two out. 
of the nine different ways, and required that successful wheels 
must stand without breaking in those two ways for two minutes. 
It is a great temptation, and a common error, to put into the first 
draft of a specification too much. It must be remembered when 
making a specification for a material which has hitherto not been 
subjected to test, that the manufacturer is more or less uncertain 
as to his product, and that it may require on his part changes in 
methods, and possibly in materials entering into his product, in 
order to meet the requirements of the specifications. If now too 
much is put into the first draft, the inevitable result will be that 
undue difficulties will be introduced in the manufacture, and the 
consumer will not infrequently find himself without the possibility 
of supplying his wants in the market. It is infinitely better to 
make the first draft of a specification embody only a few essential 
points, and after such changes in the works have been made as 
enable the manufacturer to meet these requirements, to revise the 
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specification, embodying more. A not inappropriate illustration of 
this point may be found in the drop test for car wheels. Although 
the car wheels made at Altoona many years ago would stand the 
drop test specified up to fifteen or twenty blows without breaking, 
the first specification for drop test of car wheels which was put 
out for public use was limited to three blows of the same drop, 
and it was with difficulty that wheels were obtained even under 
this test. In the course of a few months, however, the test was 
easily met, and was even made more rigid, and ultimately reached 
a limit of eight blows. 

To return now to the specification. As previously stated, the 
material is put into shape by some one of us at Altoona. Then 
a conference is called, consisting of the mechanical engineer, the 
engineer of tests, the chemist, and the general superintendent of 
motive power, under whose supervision, according to the organi- 
zation of the Pennsylvania Railroad Company, all tests and 
experiments are made. Others having special knowledge may be 
invited to this conference. The specification as drawn is carefully 
read over and criticised. As the result of this criticism it is redrawn, 
and then the material is put in print, copies of the print being 
sent to the purchasing agent, and to each of the superintendents 
of motive power of the system. Along with the printed copy goes 
a request to each of the superintendents of motive power to criti- 
cise the specification on his own part, and submit it to his master 
mechanics or to those of his subordinates who may use the material 
and may be competent to criticise. To the purchasing agent the 
request is made that he shall submit the specification to all those 
manufacturers of the material involved from whom he desires to 
buy, with request for the freest possible criticism from their stand- 
points. The criticism from the service through the superintendents 
of motive power many times yields valuable suggestions. The 
criticisms from the manufacturers have been the result of some 
very peculiar and interesting episodes. Some of the manufac- 
turers, apparently fearing that their criticisms may affect the 
placing of orders, content themselves by saying that they can meet 
the specifications as well as any one, and that they should be glad 
to have orders in accordance with them. Others take the occasion 
to bring forward characteristics of their own products. For ex- 
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ample, in criticising a proposed specification for petroleum products 
at one time, one manufacturer desired a clause introduced that 
only Pennsylvania petroleum should be used. At one time in the 
criticism of a proposed specification for rails, information was 
developed seeming to indicate that the effect of certain constituents 
on steel was a question of geography, thus: The manufacturers 
east of the Susquehanna River brought forth the statement that 
sulphur and copper were not injurious to steel, but that phosphorus 
was its bane, while the manufacturers west of Pittsburg brought 
forth the equally remarkable statement that phosphorus did not 
do much damage to steel, but that sulphur and copper were most 
injurious to it. Those who were located between those two points 
practically said: We will give you whatever you pay for. Some 
manufacturers, however, in criticising specifications, apparently 
size up to the situation, and give honest and valuable suggestions. 

We regard this submission of a specification to the manufac- 
turers, before it is issued, as a matter of the utmost importance. 
In the early days our idea was, as already stated, to tell the manu- 
facturers what we wanted. We were the parties to define the 
material, and it was their part to simply give us what we asked 
for. At the present time our idea is that the specification should 
be the embodiment of the best that is known on the subject, no 
matter where the information comes from, and that it is simply 
the part of wisdom, and that we are not only foolish but short- 
sighted and unfair, if we attempt to make a specification without 
at least giving the manufacturer an opportunity to co-operate. 
We feel that the specification should be regarded as partly his 
creation, as well as ours, and that he should be able to see his 
own handiwork in it. We are free to put on record that to the 
co-operation and help of the manufacturers of materials quite a 
portion of the success, if any, that has attended the Pennsylvania 
Railroad specifications has been due. 

The criticisms from all sources having been received, the 
specification is carefully gone over again in the light of these 
criticisms. As far as possible the valid and valuable suggestions 
of all are embodied. Conflicting criticisms, many times due to 
local conditions, are harmonized as well as may be, and the 
specification as redrawn and codified is then submitted to the 
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proper officers for approval, and ultimately issued and made a 
part of the contract on which materials are furnished, as has 
already been described. 

As already stated, it is not hoped or expected that the pro- 
cesses and methods made use of in the making of specifications 
by the Pennsylvania Railroad can be followed in minute detail 
by others in making specifications, and yet there is a single thought 
upon this phase of the case which seems to us worthy of some 
careful consideration, namely, the greater the care, the larger the 
amount of study, and the more well-directed time and effort that 
are put upon the specification before it is issued, the less will 
probably be the difficulty connected with it after it has once become 
a part of the contract. To our minds, the making of successful 
specifications demands more ability and a higher order of work 
than has heretofore been commonly given to it. The valuable 
specification represents the fruition of the studies of those who 
make investigation into the properties of useful materials, and of 
those who use them, and in reality it is the culmination of the 
work of our Society. 

So much may be said on this subject, that it would be easy 
to weary you with it, but I trust you will bear with me while I 
touch upon one or two points farther. As we understand the 
matter, there is opposition on the part of the manufacturers of 
steel to having the consumer put out chemical specifications in 
detail. It is claimed that the consumer should only specify the 
physical properties of the metal, and exclude or limit by the 
chemistry only constituents which are objectionable, leaving the 
steel-maker free to vary those constituents, upon which the most 
valuable properties of the steel depend, according to his own 

-ideas. This feeling, if we are rightly informed, is much stronger 
abroad than it is with us, and we have been told that steel-makers 
abroad would not bid on a specification of which complete chem- 
ical requirements were a part. From what has preceded, it will 
not be difficult to understand how we feel about this matter, and 
it is hard for us to conceive where the method outlined above is 
followed, and especially where the manufacturer has a chance to 
criticise a specification before it is issued, why there should be 
any reasonable ground for antagonism to complete chemical speci- 
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fications. The position which we hold in the matter is that a 
certain set of physical properties produced by, for example, high 
carbon and low manganese, may give a steel more valuable to 
the consumer than approximately the same physical properties, 
produced by lower carbon and higher manganese, or other inter- 
change of the constituents commonly affecting the physical prop- 
erties of steel. Moreover, we cannot help feeling that the chance 
to study the behavior of metal in service, and the relations between 
its chemical composition and that behavior, is a source of infor- 
mation which should not be ignored. No one can deny that this 
chance is more open to the consumer than to the producer, and 
we fail to see why the producer should shut himself out from this 
source of knowledge. As has already been stated two or three 
times, in our judgment a good specification is the result of the 
joint effort both of those who know steel from its behavior while 
it is being manufactured and of those who know steel from its 
behavior while in service. 

Another point will, perhaps, bear a few words. We have 
found it difficult in our work to make any definite rule universally 
applicable, as to how much material should be represented by 
one sample. Where materials are made in batches or in heats, 
and the sample is selected at random, no serious difficulty has 
thus far arisen in making one’s sample represent a heat or batch. 
Where a shipment, as in the manufacture of alloys, may be made 
up of material resulting from a number of like operations, without 
any certainty as to uniformity in the output of each complete 
operation, the question of sampling is more difficult. The same 
may be said of oils and paints, and other related materials. In 
such cases, it is usually customary with us to make an arbitrary 
sampling, and to follow this sampling by occasional more complete 
sampling, after the material has been received and passed upon. 
If such more complete sampling shows lack of uniformity in the 
shipment of material involved, it may not infrequently lead to a 
modification of the specification. 

Closely related to the question of the amount represented by 
one sample, is how many individual parts shall make up the 
average sample. For example, shall one ingot represent 20,000 
pounds of an alloy, or shall more than one? In a shipment of 
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oil, shall a sample from one barrel be used, or shall smaller 
samples from each barrel be mixed to form one average sample? 
Qur practice has been to limit the number of sub-samples entering 
into the average sample as much as possible, on the ground that 
the material should be uniform, and that the specification provides 
wide enough limits to make up for the ordinary variations, where 
the manufacturing or shop practices are reasonably good. If the 
material is uniform, or all of it within the limits of the specifica- 
tion, the multiplication of sub-samples really serves no useful 
purpose, and as we really buy and pay for a material described 
by the specification, it is not unfair to expect that any and every 
part of it should be in accordance with that specification. 
Another closely related point is the question of re-tests. A 
shipment of material has been received, sampled in the regular 
way, and tested, and the material does not stand test. It not 
infrequently happens that the producer asks for another test, with 
the hope and expectation that this test will show that the material 
meets the requirements. No small amount of correspondence and 
personal interviews have been expended over this matter. Our 
general position upon this subject has been to decline re-tests, 
the theory being that the specification was not drawn for the 
purpose of making it easy for irregular, and we may say possibly 
carelessly made, material to be accepted. Ifa second test is made 
which does meet requirements, it is obvious that the consumer 
would naturally want to make a third test, and see which one 
the third test sustained, and we believe many specifications are . 
drawn with such provisions. We cannot but think that this is 
bad practice, and that it is infinitely better to make the limits of 
the specification wide enough when they are first drawn, so that 
they will cover all the uncertainties in manufacture, except care- 
lessness, bad judgment, or an attempt to sell an inferior product 
at the price of a good one. It is very gratifying to be able to 
state that with the large number of specifications enforced on the 
Pennsylvania Railroad, where each shipment is now examined 
and has been for quite a period of time, the number of rejected 
shipments which fail to meet the specifications varies from 1.50 
to 2.50 per cent., possibly sometimes a little higher. Usually the 
rejections are characteristic of the new specifications, that is to 
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say, when a specification has been out long enough so that manu- 
facturers have had a chance to adapt themselves to its require- 
ments, it is very rare that we have rejections. 

Another point may be worth a few words, namely: Is it possible 
to so draw a specification that material which has once been 
rejected will not be offered a second time? There is, perhaps, no 
point connected with the specifications which is more difficult to 
handle than this one. It is recognized that the putting of marks 
on rejected shipments, as is the custom in Government work, 
deteriorates the quality of the rejected material, and of course 
adds a good deal to the cost, since the manufacturer must requite 
himself for the material so condemned. When materials bear 
serial numbers placed upon them for his own purpose by the 
manufacturer, the problem is less difficult, but for the mass of 
products which are made the subjects of specifications, such iden- 
tifying marks are not available. It is perhaps fair to say that we 
have had shipments of rejected material returned to us, and have 
a second time rejected them on the second sample. Our feeling 
is that where there is a clause in the specification that the manu- 
facturer must pay return freight, very few reputable people at 
least will run the risk of a second rejection, by returning material 
already once condemned. Moreover, it is not difficult to so mark 
rejected material with a private obscure identification mark, that 
it can be recognized if it is returned, and, as has been stated by 
one purchasing agent, it is easy to meet such cases, where the 
matter is free from doubt, by withholding orders from those who 
indulge in such practices. Our experience has been that the 
commercial world desires rather to do a straightforward, open, 
honest business, in a straightforward, honest way, and that where 
the specifications are reasonable, and the testing fair, there will 
be very little difficulty on this score. 

Two points more and I have finished. First, how do speci- 
fications affect the business of producers? and, second, what is 
the effect of specifications on the prices of materials? Upon the 
first of these points let us say, we are well aware that many pro- 
ducers object to specifications on the ground that they are annoying 
and harassing, and really serve no good purpose. On the other 
hand we are able to say, that some manufacturers have asked that 
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specifications be prepared, and one large producer, indeed, told 
us in conversation that the more difficult the specification, the 
better they liked it, on the ground that it limited the competition 
which they would have in producing the product. There is a 
point here which is perhaps worth a few words. Let us suppose 
that an honest manufacturer is making a good product. He 
understands his business, and has good facilities, and is turning 
out an excellent article. When he comes to sales, he is called 
upon to meet in competition, let us assume, those who are not 
equally well equipped, and who in order to secure a market must 
offer lower prices. In order to recoup for this diminution in prices, 
the latter of course must make an inferior product. So long, 
therefore, as the consumer buys on price alone and without any 
specification or examination of shipments, the honest, competent 
manufacturer is at a disadvantage. On the other hand, if there 
is a good, workable specification in force and each shipment is 
examined, the unfair competition of the inferior manufacturer is 
entirely eliminated. We have many times stated in conversation 
with manufacturers, that in our judgment those who are doing 
a legitimate, straightforward, honest business, should be the 
strongest friends that specifications have, and it is gratifying to 
be able to state that many manufacturers of commercial products 
look at the matter in this light. 

Finally, in regard to the effect of specifications on prices. 
Many consumers fear that if they enforce specifications, the price 
of the product will seriously increase. This seems a legitimate 
fear, and it is a fair question if the facts are as they seem to be, 
whether the value of the material according to the specifications 
is equal to the increased cost. It is gratifying to be able to state 
that experience indicates that after a specification has passed what 
may be called the “experimental stage,’’ and is working smoothly, 
prices show a strong tendency to drop below the figures prevailing 
at the time the specification was issued. This seems to be due 
to two or three causes: First, the manufacturers are all bidding 
on the same quality of product, hence genuine competition prevails. 
Second, the specification describing what may be called a “staple 
commodity,” for which there is a steady demand, slack time at 
the works may be employed in making this product in advance 
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of orders, thus employing facilities to the best advantage. Third, 
the constituents entering into a specification material for which 
there is a steady demand, can without fear of loss be purchased 
in large lots, and at the best stage of the market, thus securing 
the lowest prices. Whatever the causes, the effects on not a few 
materials are as stated. Of course, supply and demand are 
important elements in prices, and there will undoubtedly be fluc- 
tuation, but it would not be difficult to give instances in which 
this general tendency of specifications to lower prices is clearly 
seen. 
Other points may be discussed or touched upon more or less 

at length, but I fear that I have already taken too much of your 

time. In order that what has preceded may be put into fairly 
concrete form, I beg to submit the following conclusions, as in 

a sense summing up what has already been said, and as putting 

on record our ideas on various points in the making of specifi- 

cations for various materials: ; 

1. A specification for material should contain the fewest = = 
possible restrictions, consistent with obtaining the material desired. 

2. The service which the material is to perform, in connection 
with reasonably feasible possibilities in its manufacture, should 
determine the limitations of a specification. 

3. All parties whose interests are affected by a specification ‘ 
should have a voice in its preparation. 

4. The one who finally puts the wording of the specification 
into shape should avoid making it a place to show how much he 
knows, as well as a mental attitude of favor or antagonism to any 
of the parties affected by it. 

5. Excessively severe limitations in a specification are suicidal. 
They lead to constant demands for concessions, which must be 
made if work is to be kept going, or to more or less successful 
efforts at evasion. Better a few moderate requirements rigidly 
enforced, than a mass of excessive limitations which are difficult 
of enforcement, and which lead to constant friction and some- 
times to deception. 

6. There is no real reason why a specification should not 
contain limitations derived from any source of knowledge. If the 
limitations shown by physical test are sufficient to define the 
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necessary qualities of the material, and this test is simplest and 
easiest made, the specification may reasonably be confined to this. 
If a chemical analysis or a microscopic examination, or a state- 
ment of the method of manufacture, or information from all four, 
or even other sources, are found useful or valuable in defining 
limitations, or in deciding upon the quality of material furnished, 
there is no legitimate reason why such information should not 
appear in the specifications. Neither the producer nor the con- 
sumer has a right to arrogate to himself the exclusive right to use 
information from any source. 

7. Proprietary articles and commercial products, made by 
processes under the control of the manufacturer, cannot, from the 
nature of the case, be made the subject of specifications. The 
very idea of a specification involves the existence of a mass of 
common knowledge in regard to any material, which knowledge 
is more or less available to both producer and consumer. If the 
manufacturer or producer have opportunities which are not avail- 

_able to the consumer, of knowing how the variation of certain 
constituents in his product will affect that product during manu- 
facture, so also does the consumer, if he is philosophic and is a 
student, have opportunities not available to the producer, of 
knowing how the same variation of constituents in the product 
will affect that product in service, and it is only by the two working 
together, and combining the special knowledge which each has, 
that a really valuable specification can be made. 

8. A complete workable specification should contain the 
information needed by all those who must necessarily use it in 
obtaining the material desired. On railroads this may involve the 
purchasing agent, the manufacturer, the inspector, the engineer 
of tests, the chemist, and those who use the material. A general 
specification may be limited to describing the properties of the 
material, the method of sampling, the amount covered by one 
sample, and such description of the tests as will prevent doubt or 
ambiguity. 

g. Where methods of testing or analysis or inspection are well 
known and understood, it is sufficient if the specification simply 
refers to them. Where new or unusual tests are required, or 
where different well-known methods give different results, it is 
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essential to embody in the specification sufficient description to 
prevent doubt or ambiguity. 
to. The sample for test representing a shipment of material 


‘should always be taken at random by a representative of the 


consumer. 

rz. The amount of material represented by one sample can 
best be decided by the nature of the material, its importance, and 
its probable uniformity, as affected by its method of manufacture. 
No universal rule can be given. 

12. The purchaser has a right to assume that every bit of 
the material making up a shipment meets the requirements of the 
specification, since this is what he contracted for and expects to 
pay for. It should make very little difference, therefore, what 
part of the shipment the sample comes from, or how it is taken. 
Average samples made up of a number of sub-samples are only 
excusable when the limits of the specification are so narrow that 
they do not cover the ordinary irregularities of good practice in 
manufacture. : 

13. Re-tests of material that has once failed should only be 
asked for under extraordinary conditions, and should be granted 
even more rarely than they are asked for, errors in the tests of 
course excepted. 

14. Simple fairness requires that when it is desired that 
material once fairly rejected should nevertheless be used, some 
concession in price should be made. On the other hand, where 
a consumer buys material on specifications, it is equally unfair 
that he should ask from the producer any guarantees covering the 
behavior of the material in service. Furthermore, it almost goes 
without saying that where materials are for use in places involving 
the safety of life and property, rejected material should never be 
used. 

15. Where commercial transactions are between honorable 
people, there is no real necessity of marking rejected material to 
prevent its being offered a second time. If it has failed once, it 
will probably fail a second time, and if return freight is rigidly 
collected on return shipments, the risk of loss is greater than most 
shippers will care to incur. Moreover, it is so easy for the consumer 
to put an inconspicuous private mark on rejected material, that 
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it is believed few will care to incur the probable loss of business 
that will result from the detection of an effort to dispose of a 
rejected shipment by offering it a second time. In this connection> 
it may be said that those sub-employees of producers who pride 
themselves on working off rejected material on consumers, may 
in reality be doing their employers a very serious injury. 

16. All specifications in actual practical daily use need revi- 
sion from time to time, as new information is obtained, due to 
progress in knowledge, changes in methods of manufacture, and 
changes in the use of materials. A new’ specification, that is one 
for a material which has hitherto been bought on the reputation 
of the makers and without any examination as to quality, will be 
fortunate if it does not require revision in from six to ten months 
after it is first issued. ; 

17. In the enforcement of specifications it is undoubtedly a 
breach of contract, legitimately leading to a rejection, if the speci- 
fied tests give results not wholly within the limits, and this is 
especially true if the limits are reasonably wide. But it must be 
remembered that no tests give the absolute truth, and where the 
results are near, but just outside of the limit, the material may 
actually be all right. It seems to us better, therefore, to allow a 
small margin from the actual published limit, equal to the probable 
limit of error in the method of testing employed, and allow for 
this margin in the original limits, when the specifications are 
drawn. ; 

18. Many producers object to specifications en the ground 
that they are annoying and harassing, and really serve no good 
purpose. It is to be feared that the complaint is just in the cases 
of many unwisely drawn specifications. But it should be remem- 
bered that a good, reasonable specification, carefully worked out 
as the result of the combined effort of both producer and consumer, 
and which is rigidly enforced, is the best possible protection which 
the honest manufacturer can have against unfair competition. 

19. Many consumers fear the effect of specifications"on prices. 
Experience seems to indicate that after a specification has passed 
what may be called the experimental stage, and is working 
smoothly, prices show a strong tendency to drop below figures 
prevailing before the specification was issued. 
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20. A complete workable specification for material represents 
a very high order of work. It should combine within itself the _ 
harmonized antagonistic interests of both the producer and the 
consumer, it should have the fewest possible requirements con- 
sistent with securing satisfactory material, should be so compre- 
hensive as to leave no chance for ambiguity or doubt, and above 
all should embody within itself the results of the latest and best 
studies of the properties of the material which it covers. a 


REPORT OF COMMITTEE “A” ON 
STANDARD SPECIFICATIONS FOR IRON AND STEEL. 


By the new scheme of enumeration recently adopted by the 
Executive Committee, this committee, formerly known as the 
enlarged American Branch of International Committee No. 1, 
will be hereafter designated Committee “A” on Standard Speci- 
fications for Iron and Steel. 

In pursuance of a motion offered by the American representa- 
tives at the Buda-Pesth Congress of the International Association 
relative to the appointment of a Committee on Standard Specifi- 
cations and Methods of Testing for Cast Iron and Finished Cast- 
ings, the International Council appointed Messrs. Paul Kreuz- 
pointner, Richard Moldenke and Walter Wood as additional 
members on the American Branch of Committee No. 1, to report 
on the subject of Standard Specifications, and created a new inter- 
national committee, with Dr. Richard Moldenke as Vice-Chairman, 
to report on Uniform Methods of Testing. The above-mentioned 
members obtained authority from the Executive Committee for 
the creation of a representative American Committee on Standard 
Specifications for Cast Iron and Finished Castings, designated 
Committee “B,”’ and at a meeting of Committee “A” held on 
March 10, 1903, invited all members of that committee interested 
in cast iron to membership. 

At the last annual meeting of the Society a number of 
matters bearing on questions affecting the Standard Specifica- 
tions for Iron and Steel were referred to Committee “A,” as 
reported in detail in the “Summary of Proceedings,” Vol. II. 
At a meeting of the committee held in Philadelphia on March 10, 
1903, it was decided to defer formal action on these questions, 
pending the reports of a number of committees appointed by 
other societies on like or closely related subjects. One of these 
topics, “The Rolling of Piped Rails,” has been scheduled for 
discussion at this meeting ; others, viz.: drop tests, length and 
heat treatment of rails and the adoption of a single grade of 
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structural steel, will be brought up for discussion in connection 
with the various specifications to be submitted at this meeting. 

Mr. J. P. Snow, Chairman of the Committee on Iron and 
Steel Structures of the American Railway Engineering and Main- 
tenance of Way Association, has presented a full report on the 
subject of a single grade of structural steel in Bulletin No. 29 
of that Association. This report, with the preliminary specifica- 
tions, were submitted to our committee and discussed at a meeting 
held last March. The members of this committee met with 
Mr. Snow’s committee, by invitation, at the annual convention 
of the American Railway Engineering and Maintenance of Way 
Association in Chicago last March, at which one grade of struc- 
tural steel of 55,000 to 65,000 pounds ultimate strength was 
adopted by that Association. Mr. Snow has consented to present 
these specifications with some introductory remarks at this meeting. 

Representatives of the leading shipbuilders, the shipping 
registry bureaus and the U. S. Navy, were invited to attend our ~ 
meeting on March ro, to express their views with regard to the 
use of a single grade of steel for bridges and ships. The meeting 
was well attended, and the discussion was of such interest and 
importance that it was decided to introduce the subject for formal 
discussion at this session. 

The Association of Steel Manufacturers, on February 6, 
1903, adopted specifications for two grades of steel; the one of 
$5,000 to 65,000 ultimate strength for bridges, the other of 60,000 
to 70,000 ultimate strength for general purposes. Mr. A. L. 
Colby, Secretary of the Association, will present these specifica- 
tions at this session and compare them with our specifications 
and others. Our standard specifications were framed as fairly 
representative of approved American practice. It was thought 
that soft steel of 52,000 to 62,000 ultimate strength and medium 
steel of 60,000 to 70,000 ultimate strength would meet the require- 
ments adequately for bridges and ships. If it should now be 
considered desirable to modify our specifications to a single grade 
of structural steel for bridges, what course should be pursued 
with regard to steel for ships? Will a steel of 55,000 to 65,000 
ultimate strength, or any other single grade of steel, answer for 
both purposes, or should separate specifications be adopted for 
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ship material? In the latter case, will the medium steel of 60,000 
to 70,000 ultimate strength adopted by the Association of Steel 
Manufacturers meet the requirements of the shipbuilders, the 
shipping register bureaus, and the United States Govern- 
ment ? 

The Committee on Specifications for Locomotive Axles and 
Forgings of the American Railway Master Mechanics’ Associa- 
tion used our specifications as a basis for their work, and have 
just made a final report, at the annual convention in Saratoga, 
which will be presented here to-day by their Chairman, Mr. F. H. 
Clark, who will refer to the departures from our standard speci- 
fications. 

The Committee of the American Society of Mechanical 
Engineers on Specifications for Steel Forgings, Steel Castings, and 
Steel Boiler Plate, has about completed its work, and it is to be 
hoped that we shall have a copy of this report before this con- 
vention closes. 

The special committee of the American Society of Civil 
Engineers on Rail Sections has made no official report as yet, but 
the following extract from an editorial in the Razlroad Gazette of 
January 30, 1903, indicates the conservative course this committee 
is taking: 


“This is a short statement of the situation. The American Society’s com- 
mittee, so far as they are informed, would not now recommend any change of 
section. What it may be led to do by further information of course we shall not 
try to conjecture. The committee would not with its present information try to 
lay down specifications of chemical composition or mill treatment. The attitude 
of the committee, so far as we can judge, is to let the makers agree as to what 
is necessary in order that they may give the results sought, namely, a better and 
more constant quality of finished steel. If the railmakers agree that it will be 
for the interest of the art to make some modification in the American Society’s 
standard sections, we suppose the committee will recommend such modification. 
The representatives of the railmakers, so far as we are informed, do not think 
any change of section is necessary, but on this they are not agreed, and this appears 
to be only a tentative opinion. 

“As the matter now stands, the American Society’s committee will probably 
state with some definiteness its questions and requirements, and the railmakers’ 
committee will take these up and answer them as from the whole body of manu- 
facturers. This, we believe, is a fair statement of the present situation, and this 
situation seems very promising. ‘The attitude of the engineers is conservative 
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and reasonable, and the attitude of the railmakers is reasonable and liberal, and 
it is pretty certain that good and lasting results will be worked out by the two 
committees. Obviously, a matter so intricate, involving so many technical points, 
to say nothing of business interests, cannot be settled at once out of hand.” 


The Committee of the American Railway Engineering and 
Maintenance of Way Association on Rails suggested some modi- 
fications in their specifications at the annual convention held in 
Chicago last March, which I shall refer to later as Chairman of 
that committee. 

Dr. P. H. Dudley, Reporter for America, on “Rails for Lines 
with Fast Trains,’ International Commission of the Railway 
Congress, has sent out a list of questions concerning rails, their 
manufacture, inspection, etc., as a basis for a report to the Inter- 
national Railway Congress, at its seventh session, to be held in 
Washington, D. C., in May, 1905. This subject is so closely 
related to the work of our committee that Dr. Dudley has been 
invited to suggest, at this session, in what way we can best 
co-operate in the matter. 

It is to be hoped that the Standard Specifications of the Ameri- 
can Associations for Testing Materials will be in suitable shape 
for acceptance in 1905 by the International Railway Congress as 
the standards for America. 

While the work of our Committee has not been carried out 
precisely on the lines laid down by the International Association, 
it has been productive of very good results in this country. The 
same plan is now being followed in England, as appears from the 
following report in the Ironmonger of May 9, 1903, in connection 
with an account of the annual meeting of the Iron and Steel 
Institute: 


‘Since the formation of the committee (on standardizing the various kinds 
of iron and steel sections) the original reference has been enlarged to include 
standardization of ‘Tests and Specifications,’ ‘Locomotives,’ and ‘Electrical Plant,’ 
and important committees and sub-committees dealing with these subjects have 
been formed, and are now actively engaged in discussing the various subjects 
referred to them. There are in all fifteen different committees and sub-committees 
at work, composed of roz2 members.” 


Mr. A. Rieppel, chairman of International Committee No. 1, 
will visit this country in the fall, at which time we shall endeavor 
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to have him meet Committee “A,” with a view of getting our work 
into final shape for presentation at the St. Petersburg Congress, 


in August, 1905. 


Respectfully submitted, 
Witiam R. WEBSTER, 
> Chairman. 


Epcar MARBURG, 
Secretary. 


+ 


REPORT OF COMMITTEE “B” ON STANDARD SPECIFI- 
CATIONS FOR CAST IRON AND FINISHED CASTINGS. 


This Committee is virtually a new creation since the last 
annual meeting of the Society. It is the outgrowth of the Con- - 
gress at Buda-Pesth two years ago, where an effort was made to 
widen the investigation from steel and cements and to give cast 


* irom a duly prominent position. 


Following the action of the Buda-Pesth Congress, in Sep- 
tember, tgor, the Council appointed Messrs. H. M. Howe, Walter 
Wood, and Richard Moldenke as additional American members 
of Committee No. 4 to report on standard specifications for cast 
irom and fimished castings. These gentlemen, feeling that the 
object of their appointment would be better fulfilled by increasing 
their number, received authority from the Executive Committee 
for the creation of an enlarged American Committee, numbering 
now about seventy members. 

At a meeting held April 25, 1903, the organization was 
perfected and the work divided among eight sub-committees. It 
is hoped that these sub-committees will be able to complete their 
work at an early date, so that it may be placed in the hands of 
the Executive Committee in time for presentation at the St. 
Petersburg Congress. This is especially desirable since the 
appointment of this committee was made at the instigation of 
the Americans at the Buda-Pesth Congress, whose request was 
granted with some reluctance. 

Sub-committees have been appointed on the following sub- 
jects: 

t- On Specifications and Grading of Pig Iron, Edgar S. Cook, 
Chairman. 

z. On Cast-iron Water and Gas Pipe, Walter Wood, Chair- 
man. 

3- Cylinder Castings, H. V. Wille, Chairman. 

4. On Car Wheels, Charles B. Dudley, Chairman. 

5- On Malleable Iron, Stanley G. Flagg, Jr., Chairman. 

6. On General Castings, Thomas D. West, Chairman. 
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7- On the Testing of Cast Iron, Henry Souther, Chairman. 

8. Qn the Effect of Other Metals upon Cast Iron, Albert 
Ladd Colby, Chairman. 

g. On the Microstructure of Cast Iron, Albert Sauveur, 
Chairman. : 

Appointments on these committees were made with a view 
of having them as representative as possible. 

Sub-commitiee No. 1. It is hoped that this committee will 
present a report which will commend itself both to furnace man- 

- agers and consumers, thus facilitating the buying and selling of - 
iron by analysis, and leading to the adoption of such standards 
as will facilitate the purchase of iron by small users until they 
become ready to purchase on the basis of chemical constituents. 
This committee is expected to have its report in shape for the 
October meeting of the general Committee. 

Sub-commitiee No. 2 will report on Cast-iron Pipe Speci- 
fications. It is fortunate that this subject received very full and 
careful consideration by leading engineers interested in cast-iron 
pipe and manufacturers during the summer of 1902. The joint 
results of this discussion have been put in print and will be sub- 
mitted to the Committee for its consideration. It is hoped that 
these specifications will also be in shape for the October meeting. 
It may be of interest to state that the test-bar provided for is a 
flat bar two inches by one inch, to be broken on supports twenty- 
four inches apart. For pipes twelve inches or less in diameter 
this bar must bear a load of rg00 pounds and show a deflection 
of not less than 0.3 inch. For pipes larger than 12 inches it must 

a bear a load of 2000 pounds and show a deflection of not less than 


0.32 inch. 
The hydraulic tests vary according to the weight of the pipes, 
as follows: 
Dor Class Ait eeen «alts cease ced oes Ne wo 5S 8 150 Ibs, 
i Be toons aes asa paseansacesaseR0e IDS. 
OE ys ee es 6 fer eee 250 Ibs. 
i BY tS ARE SSE Re ee eee 300 Tbs. 


The variations of thickness have been considered and, roughly 
speaking, a variation of 0.1 inch from the standard is permissible. 
However, this varies with the size of the pipe. 
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There is one further interesting feature embraced in these 
specifications, namely, what the different classes of pipe are based 
on standard outside diameters, the inside diameter varying with 
the weight and class of the pipe. The pipes are to be coated with 
a residuum of coal tar from which the lighter oils have been dis- 
tilled at a temperature of 300°. It may be interesting to state 
that the Metropolitan Water Board, of Massachusetts, which 
supplies Boston and surrounding cities have made an elaborate 
investigation for finding some material which will be as satisfactory 
and economical as this coating. These investigations have resulted 
in adhering to the present method of coating, which forty years 
of experience has shown to be quite effective, although it does not 
absolutely meet the requirements of some localities. 

Sub-committee No. 3, on Cylinder Castings, has held a con- 
ference, but is not yet ready to report. 

Sub-committee No. 4, on Car Wheels, is fortunately repre- 
sented by our President, and will at the proper time prepare 
specifications to be submitted for action. 

Sub-committee No. 5, on Malleable Iron, has not yet prepared 
its fal report. They hope, however, to be able to handle the 
subject readily and definitely. 

Sub-committee No. 6 is charged with the subject of General 
Castings. I have a letter from Mr. Thomas D. West, Chairman, 
giving at some length the action taken by that committee. It is 
hoped that they may be able to reach some conclusion that can 
be applied to the various products that come under the head of 
General Castings. Their report will probably be based on a 
standard test-bar and appropriate analysis. 

Sub-committee No. 7 will consider the testing of Cast Iron. 
The chairman of the committee, Mr. Henry Souther, expected 
to be at this meeting, but, failing in this, he has forwarded some 
correspondence. It is hoped that this committee may succeed in 
formulating definite methods of analysis and testing. 

Sub-committee No. 8 will report on the Effect of Other 
Metals upon Cast Iron. From this committee no report has as 
yet been received. 

Respectfully submitted, 
WALTER Woop, 
Chairman. 


DISCUSSION. 


W. G. Scorr.—I wish to make a few remarks in regard to test- 
bars. For the last five years we have tried many kinds of test-bars 


at our laboratory. We have used the 1x1 inch bar 12 inches” 


between supports; the 2 x 1 inch bar 2 feet between supports; and 
the round test-bar. For five years we have made tests with three 
different kinds of test-bars; they all give different results. The 
size of the test-bar ought to conform to the size of the work pro- 
duced. The square-cornered test-bar will certainly show more 
imperfections, such as blow-holes, crystallized places, slag, and 
cavities, than the round test-bar, especially if the square or square- 
cornered test-bars are poured flatwise or set in an inclined position. 
If they are poured from the bottom or poured from the top there 
will be a difference. If they are poured flatwise there will be more 
imperfections than by pouring in any other way. The round bar 
would be almost a perfect bar. If I were selling cast iron I would 
certainly adopt the round bar; but when I am producing cast iron 
in my own foundry I would adopt the square-cornered bar, for 
the reason that I want to know when these imperfections come 
up, why they come up, and how to remedy them. By increasing 
the manganese the greater part of these imperfections may be 
eliminated. If the test-bar shows too much shrinkage it indicates 
that the sulphur is too high or the silicon too low, or that the 
carbon is not right. A great many other things may be judged 
from the test-bar. I think that, instead of adopting some standard 
test-bar, its choice should be left open. 

J. C. Kinxeap.—I should like to know what experience Mr. 
Scott has had with the one-inch square test-bar, 12 inches between 
centres. 

Mr. Scott.—In four or five years the deflection on the 1x1 
inch bars has run all the way from 0.08 to 0.14 inch. The average 
during that time has been 0.10 inch. As to shrinkage, in casting 
a bar 134 inches in yoke, as is done in some foundries, the shrink- 
age will depend on the portion of the heat taken from the cupola. 


Mr. Scott. 


Mr. Kinkead 


Mr. Scott. 


Mr, Vannier. 


Mr. Kinkead. 


Mr. Vannier, 
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The first metal has a greater shrinkage than that toward the end; 
and there is a decrease in shrinkage all the way along the line. If 
you pour five bars, you will find more shrinkage in the first than 
you do in the last one. 

C. H. Vannier.—I wish to say that in connection with car- 
wheels and the adapting of the size of the bar to the character of 
the casting, our standard bar in car-wheel work has been inch 


‘and a quarter square and 2 feet long, with a 600-pound wheel; but 


since we have been making 650-pound and 700-pound wheels we 
have had to change the section of our test-bars. The old section 
of inch and a quarter was too small, for the reason that we required 
harder iron for the heavier wheel. The consequence was that the 
iron chilled or mottled in what was our former standard bar, and 
consequently it did not give us the information that we wanted. 
The fundamental idea is that the metal in the bar shall represent 
as nearly as possible the metal in the body of the casting, par.icu- 
larly as to the carbons. For that reason we now make the standard 
size of the bar inch and a half square in pouring 700-pound wheels. 
In that way we keep the same relation between the carbon in the 
bar on the one hand and the 7oo-pound wheel on the other as we 
did between the smaller bar and the 600-pound wheel. My ex- 
perience therefore fully agrees with Mr. Scott’s, namely, that you 
must adapt the size of the test-bar to the character of the work. 

Mr. Kinxreap.—As regards adapting the size of the test-bar to 
the character of the work it is very easy to do this in the case of 
car-wheels; but when you are pouring from 2-pound to 2000-pound 
castings on the same afternoon from the same cupola it is very 
hard to do so. 

Mr. VANNIER.—-Where we pour two kinds of castings of different 
weights we also in the same heat put up two different sizes of bars; 
and if we are pouring 700-pound wheels, we will put up bars to 
correspond with the character of the work. Of course, when it 
comes to ordinary castings—gray-iron castings—they will be gray 
anyhow. Whether the casting is a quarter-inch in section ora 
half-inch makes no difference, except possibly in stove-plate work. 
There, perhaps, a half-inch bar may be used; but I do not know 
of any other character of work where a half-inch bar would be of 
service, 


REPORT OF COMMITTEE “C” ON 
STANDARD SPECIFICATIONS FOR CEMENT. 


The Committee met October 30, 1902, and organized with 
the following officers: Chairman, Professor George F. Swain; 
Vice-Chairman, George S. Webster; Secretary, Richard L. 
Humphrey. The membership of the committee was the subject 
of careful consideration, with the object of forming a large com- 
mittee which should represent all the various interests involved. 
Subsequent to this meeting the committee was enlarged, and now 
consists of thirty members. 

A second meeting was held February 4, 1903, and the work 
of the committee was discussed and a set of by-laws adopted. 

It was evident that the work of the committee would consist 
of the adoption of standard methods for making tests, and the 
framing of a standard specification based on such methods. With 
regard to the first portion of the work, the progress report of the 
Committee on Uniform Tests of Cement of the American Society 
of Civil Engineers was adopted conditionally. 

It was decided to send out samples of cement to the various 
members of the committee, and to such laboratories as would be 
willing to co-operate, and to request them to test the samples 
according to the rules contained in the progress report, the object 
being to ascertain if possible how closely the results of these tests 
agree, and to determine whether it is feasible to prescribe a standard 
specification based on these methods. 

Samples of five Portland and four natural cements, with 
sufficient Ottawa sand, were sent to thirty laboratories, with a set 
of instructions and a copy of the progress report of the American 
Society Committee. Each laboratory was to test the samples, 
according to these rules, for specific gravity, fineness, time of 
setting, constancy of volume and tensile strength, neat and with 
Ottawa sand. 

The results of these tests are now being sent to the Secretary, 
and will be compiled shortly for consideration and discussion. 
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They are not in such shape as to be available in whole or in part, 
for consideration at this time. 

Your committee is obliged, therefore, to confine its report to 
one of progress, reserving a more complete statement of the work 
accomplished for a later report. 

Respectfully submitted for the Committee, 
GEorGE F. Swain, 
Chairman. 


REPORT OF COMMITTEE “E” ON 
PRESERVATIVE COATINGS FOR IRON AND STEEL. 


Since the Fifth Annual Meeting of the Society, your Com- 
mittee has held two general meetings and one special meeting. 
The membership of the committee has been increased from the 
original 6 to 16 members, and the committee has aimed to include 
representatives of every class engaged in the commercial produc- 
tion of Preservative Coatings. 

The meetings have been confined so far to discussing the best 
methods of obtaining the desired data for a comprehensive report 
on this subject, and now, after a year’s work, the committee can 
only submit a tentative report and outline a general scheme of 
action. 

Before beginning this work it was considered necessary to put 
in concrete form several working headings: 

First. Requirements for a satisfactory preservative metal 
coating. 

Second. Methods used and suggested to determine if the 
preservative coating is efficient. 

Third. An index, with abstracts if possible, of general and 
current literature bearing on this subject which has appeared in 
English, French, German, and American publications. 

Fourth. A classified list of all coatings used or suggested for 
the protection of iron and steel. 

The committees on the first two subjects have submitted 
reports; committees on the last two subjects report progress and 
request further time for final report. 

The report of the committee on requirements for a satis- 
factory preservative metal coating called out a general discussion 
and resulted in the following recommendations: 

In Preparation of Surface jor Painting —It is considered 
necessary that surface be free from grease and dirt, and that all 
detachable mill scale and rust be removed. Material which cannot 
be removed by hammer and chisel or wire brush, it is thought 
will not affect the durability of the coating. The use of the sand 
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blast is recommended, provided it is the opinion of the engineer 
that the cost is warranted, but it is not considered necessary in 
all cases. 

A pplication of the Patnt—It is recommended that the suc- 
cessive paint coatings should be as thick as possible, compatible 
with satisfactory spreading with the brush or machine. The brush 


marks should flow out. The paint should not contain any large — 


amounts of volatile matter, so as to chill the surface by evapora- 
tion. 

Drying—It does not seem possible, without further experi- 
mentation, to reach a final conclusion on this point. Whether 
the paint coats shall dry im six or twenty-four hours is a matter 
to be determined by the contingencies of the case. In general, 
it is recommended that as much time as possible be allowed 
between coats. It is, however, considered practicable to have an 
efficient metal coating dry in 8 hours. 

Successive Coatings——The under coatings must not be soft- 
ened or acted upon by the subsequent coats of paint. 

Protective Power—This is the keystone of the whole subject. 
The coating must protect. To accomplish this it is recommended 
that the coating must have the maximum impermeability to 
moisture, air, and carbon dioxide. Iron and steel will not rust 
in dry air or in water free from air and carbon dioxide. The best 
protection will, therefore, be obtained from the most impervious 
coating. To this end the pigment should be as finely ground as 
possible. Finally, it is recommended that the vehicle or pigment, 
or both, be water repellent. Whether this last characteristic is to 
be obtained by a pigment such as lamp-black, or by the use of 
some non-drying oil, must be the subject for further investigation. 

Durability —tt is the opinion of the committee that coatings 
should be efficient under ordinary conditions for at least five (5) 
years. 

The durability measures the life of the coating; it should 
therefore adhere to the metal through all ranges of contraction 
and expansion without peeling or cracking. 

Neither the pigment nor the vehicle, nor compounds resulting 
from a reaction of the two, should cause a disintegration of the 


coating. 
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It is further recommended that the coating should not be 
affected by products necessary for the maintenance, equipment, 
or use of the structure protected. This applies especially to the 
softening of paint on bridges by burning and lubricating oils from 
passing trains. 

It is finally recommended that the coating bé of such a char- 
acter as to successfully resist the mechanical injury due to sand, 
cinders, and other material carried by the wind. 

Feasibility of Recoating.—There can be no question that a 
satisfactory coating must permit recoating when needed without 
additional labor for cleaning and removing old coat. 

Cost.—Upon this point it is only necessary to say that the 
other valuable requirements being obtained, that coating is best 
which can be furnished and applied at minimum cost. 

Tests to Determine Efficiency of Coating.—lIt is the opinion of 
your committee that it is useless to prescribe the same tests to 
all classes of protective coverings. An efficient coating in the dry 
atmosphere of the Western States may fail to withstand the moist, 
saline air of the coasts. 

A coating which is perfect for structural steel under a static 
load may fail entirely when subjected to vibratory shock imposed 
on bridge members and steel cars. In short, tests must be in 
harmony with conditions imposed in service. 

The general cause of failure of coatings to protect is the same 
as the corrosion of the metal itselfi—7. e., moist air and carbon. 
dioxide. 

Dilute acids, as a rule, have far less action on paint films 
than alkaline solutions. A paint made from some inert pigment 
and linseed oil will show no sign of disintegration when immersed 
for days in a dilute sulphuric acid solution, which would rapidly 
dissolve the metal it protects, and the same paint would go to 
pieces in a few hours when exposed to the action of a correspond- 
ingly strong solution of ammonia or carbonate or caustic alkalies. 

Strong acid solutions rapidly destroy the coating, but it is 
rare that such conditions exist, and, if necessary, can be met by 
special requirements. 

It is recommended that tests be adapted to the demands of 
service conditions, and divided into three broad classes: 

4 
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First. Actual service tests, under normal conditions, applied 
to structure to be protected. 

Second. Accelerated tests, applied to specially prepared sur- 
faces, and subjected to abnormally severe conditions. 

Third. Chemical tests to determine the constituents and 
adulterations of the pigment and vehicle, as far as the knowledge 
of the subject will admit. 

It is undoubtedly true that the first set of tests gives the 
desired information in a most conclusive manner, but, unfortun- 
ately, the truth comes too late to remedy the evil if the protection 
is insufficient to prevent corrosion. 

It is further considered that the function of this committee 
is not to specify any covering or coverings as protective, but to 
specify tests which coatings must stand to assure maximum effi- 
ciency. 

It will therefore be necessary to work along the lines of accel- 
erated and chemical tests, selecting those which harmonize with 
the results of long time service experiments, and ultimately formu- 
lating laboratory tests which can be relied upon to give desired 
information. 7 

It should, however, be realized that in this work chemical 
analysis must be used to supplement experience, not to provide 
it. In general, it is known by previous experiments that certain 
pigments and oils give durability and protection, while others fail 
in these essentials; but it will not do to condemn the unknown 
without the aid of experience. 

A review of the suggested accelerated tests shows a variety 
of methods to impose abnormally severe conditions. These tests 
have in some cases little connection to service requirements, but 
it is believed that the results obtained by the methods selected 
will be in harmony with long time service tests. 

It is expected that the following series of experiments can be 
conducted through the co-operation of railroads and consumers 
on the one hand, and the manufacturers of standard coatings on 
the other, the former to provide the structure and labor and the 
latter the material to be applied. 

It is recommended that two coats of the protective coating 
be applied to parts of full-sized structures, not less than one span 
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of a bridge, one steel freight car, or, in general, one unit of dimen- 
sions corresponding to above. The surface to be prepared and 
coating to be applied as recommended under those headings. 

At the same time, panels of tank steel 20” x 24’ x }’ are 
prepared and coated in the same manner as the structure and 
with the same batch of coating. The panels are coated on both 
sides and on edges of sheet. The work to be done indoors under 
favorable conditions for drying. 

The panels are to have a }¥” hole bored in middle of upper 
end to facilitate hanging, and are to be stamped with serial num- 
ber on both sides in upper left-hand corner. 

Panels are prepared as above in pairs, one to be exposed 
“‘green” and the other to be thoroughly dried under favorable 
conditions before testing. 

The corresponding pair of “green” and dry panels are 
exposed under the roofs of train-sheds, in round-houses directly 
over smoke-stacks of engines, from trusses of bridges, on roofs of 
train-sheds, round-houses, and on roofs adjoining power-house 
stacks, etc., in tunnels, on docks in salt water and tidal rivers, 
where they will be immersed twice every twenty-four hours in 
salt and fresh water in the ebb and flow of tides. 

In addition to above series of field panels, special Aig 
panels on glass and tank steel are prepared in the same manner 
as the foregoing. The steel panels are exposed to the action of 
exhaust steam at a temperature not to exceed 150° F. for twelve 
hours each day, and ordinary atmospheric air for the remaining 
twelve hours, the test to be continued for thirty days. 

The porosity is determined by noting the absorption of a 
drop of oil on the coating. If the film is impervious, the drop 
of oil will run down the panel in a narrow band the width of the 
original drop, but if the life of the coating has been destroyed 
the drop of oil will spread out to a more or less greasy blotch, 
depending on extent of disintegration. 

The glass panels are tested for water-repellent properties by 
treating the dried coating with a few drops of water. Evaporation 
is prevented by means of a cover-glass, and the coating examined 
after the water has been in contact for 12 hours. 

The capacity of the coating to withstand destructive agencies 
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necessary to equipment and maintenance of structure will require 
special tests. 

For steel cars and bridges the coating on glass is tested with 
lubricating and burning oils to determine if it is disintegrated. 
For refrigerating cars it is tested in the same manner with a 
common salt solution. 

A further set of laboratory tests are made by coating saucers 
of sheet iron 8” diameter 1” deep with two coats of paint. These 
saucers are filled with ordinary tap water and allowed to evaporate 
under cover to dryness; the water renewed until definite conclu- 
sions can be deduced. 

Chemical analyses of the coatings will also be made to deter- 
mine percentage of pigment, oil, and volatile matter, with com- 
position and quality of each. 

The above service and laboratory tests are to be conducted 
at as widely distant points and under as different conditions as 
possible. The service tests are to be carefully examined at stated 
intervals, and the entire series of experiments accurately tabulated 
for comparison with the long time service tests. 

From this data it is expected that laboratory tests can be 
formulated, which, when met, will insure a satisfactory protective 
metal coating. 

Respectfully submitted, 

[Signed] S. S. VoorHEES, Chairman, 

W. A. AIKEN, 
Cxas. B. DUDLEY, 
N. F. Harrman, 
INTERNATIONAL ACHESON GRAPHITE Co., 
ROBERT Jos, 
JoserH Drxon CRUCIBLE Co., 
SPENCER B. NEWBERRY, 
CuHas. L. Norton, 
PATTERSON-SARGENT CoO., 
W. A. Powers, 
A. H. Sasi, 
Tse A. WILHELM Co., 
Josrrn F. WALKER, 
J. W. WurreHean, Jr., 
Max H. Wick#orst. 


DISCUSSION. 


S. S. VoorHEES.—I want to emphasize the fact that this report 
can only be considered a tentative one, outlining in general a scheme 
of action, which may be followed or may be found to require 
modification, as there are one or two points which might be 
changed a little. 

It is not the intention of the Committee to exclude any special 
paint. We tried to emphasize the fact that any paint which meets 
the requirements of tests will be satisfactory as a preservative 
coating. There are certain paints with lead pigments which 
solidify in the bucket, but if they have valuable features sufficient 
to counterbalance this objection they will meet requirements. 

THE PRESIDENT.—How does the matter stand with regard to 
the unanimity of the Committee? 

Mr. VoorHEES.—This report was intended to be accepted in 
toto by the Committee; but there are several minor points which 
possibly were not—for instance, the five-year clause is one; the 
question of the solidifying of the paint in the bucket is another; 
and the extent of cleaning before painting is a third. The char- 
acter of the tests has also been in some cases thought excessively 
severe, and in other cases not severe enough; but, as I said, it is 
simply a tentative report which will be worked on during the next 
year, and these tests can then be brought down to a more definite 
basis. 

It would probably be well to strike out the clause “It is also 
considered objectionable if paints solidify in the buckets,” as a 
certain class of protective paints have that fault—or value, because 
this solidifying is really a cementing action which is an advantage 
if it occurs on the metal to be protected; but if the caking occurs 
in the bucket, that cementing action is lost. That clause will be 
removed from the present report before it is printed. 

THE PRESIDENT.—The principal difficulty as we understand it 
with red lead is that if perchance more is mixed up at any one time 
than is spread, it hardens in the buckets, especially if it stands 
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overnight. There are two ways of overcoming this difficulty: one 
is to mix frequently and in small amounts; the other is to mix 
some inert material with the red lead. We have had good success 
in using a material consisting of pure red lead two parts and kaolin 
one part, made into a stiff paste with linseed oil. Lamp-black 
has also been used to overcome this difficulty, and, so far as our 
knowledge goes, this is unobjectionable. 

For the railroads the protection of steel cars is getting to be a 
very serious matter. Steel cars cost from $1000 to $1200 each. 
How long are they going to last? You will readily see that if 
corrosion goes on rapidly the loss will be serious. Apparently 
we are in a dilemma. Proper sizes of wood are becoming more 
and more difficult to get, and there seems nothing to do but to 
use the steel car. If the corrosion leads to short life, the losses 
may be very serious. We have one or two rays of light. An 
examination was made some time ago of the layer of rust that 
had formed on the inside of several steel cars of the first lot built 
for the Pennsylvania Railroad. These cars had no protective 
coating of any kind on the inside. At the end of two years and 
three months of service a scale was formed which was detached 
and sent to the laboratory, with a request to know how much of 
the original material this scale corresponded to. An analysis of 
a measured area indicated that one-fiftieth of an inch of the thick- 
ness of the original metal had already corroded to form this scale. 
Some three or four cars gave approximately the same figure. A 
calculation based on this rate of corrosion indicated that if the 
car was still available for service when one-half the metal had 
corroded, the life of a car would be about fourteen years, which 
is much more gratifying than we feared. The second ray of light 
which we have is more a hope than something definitely in sight. 
It is that protective coatings of some kind are now available, or 
will be devised, which will be sufficient to give a fairly long life to 
the steel car. 

A. H. Sasry.—It is only fair to say, I think, in reference to this 
report, that Mr. Aiken, who had in hand the matter of preparing 
an outline sketch of the method of testing, was unable to act owing 
to accident. He had a fractured leg and was in the hospital. It 
occurred at the time when he was collecting material for the report; 
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consequently that part of the report which deals with the tests is Mr. Sabin. 
quite incomplete, and represents various views held by various 
members of the Committee. I wish to say also that the Insurance 
Engineering Experiment Station at Boston has been asked to send 
a man to represent them on this Committee, and we hope that 
this will be done. What seems to me the most inimediately impor- 
tant work of the Committee is that which refers to the collection of 
papers, or at least of references to papers on the subject, looking 
up the literature of the matter. Several members of the Committee 
were asked by the chairman to undertake different parts of this 
work; but upon investigating the matter somewhat each found 
that the part assigned to himself was so great that he could not 
get the time to do it. There is a good deal of material to be gotten 
together, and it is hoped that in some way in the future something 
of value may be done in this direction. Until we know what has 
been done by others, it is certainly premature to go ahead and try 
to do very much ourselves. 

E. Pratr Stratron.—On behalf of the Society, I think the Mr Stratton. 
thanks of its members are due to the formulators of this Report, 
and in this connection I recall a time, several years since, when 
the British Parliament appointed a Special Committee of Experts 
to collect information and data bearing upon the best anti-corro- 
sives and anti-fouling pigments for use on ships’ plating, particu- 
larly below the water-line. The outcome of that investigation, 
which extended over a considerable period, was McGuinnis’ Com- 
pound, generally known among shipping men as one of the best 
coatings ever invented for use under water; but painters and ship- 
owners have been groping, so to speak, more or less in the dark 
for years in relation to this very important subject, and I am greatly 
surprised and much gratified to see this matter so competently 
dealt with at this time and by a Committee of this Society. 

There are, however, in the marine field, two distinct conditions 
to be dealt with: one is with plating and surfaces below the water- 
line, where you encounter the troubles and difficulties incident to 
marine growths and mollusk life which affix themselves with much 
tenacity to the painted surfaces. All such growth and life when 
once attached soon develop increased resistance and seriously 
retard the vessel’s progress through the water until removed 
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mechanically, unless the pigment is made to contain elements that 
are destructive to such growths and marine life at the start. The 
second relates to the internal surfaces of metallic ships, where the 
conditions are different but are no less important in character. 
All the internal portions of the hulls of vessels Hable to be touched 
or affected by bilge-water and the contaminations of it by the 
drippings or seapage from cargoes are required te be thoroughly 
coated with a mixture of Portland or hydraulic cement and sand 
mixed in about equal parts and laid on with a trowel. Bitumastic 
cement has been substituted In some instances on account of its 
reduced weight compared with the former, which is less likely to 
be affected detrimentally by climatic changes, and is to be regarded 
as more enduring under all conditions. 

About twenty years since naval architects and shipbuilders began 
the construction of vessels with double bottoms, extending from 
bilge to bilge all fore and aft over the entire floor of the vessel, such 
space being subdivided longitudinally at the centre by a vertical 
keelson and transversely into from ten to twenty compartments, 
the lower or outside plating being well cemented inside to prevent 
wear and corrosion and to stiffen the plating between the floors. 
Owing to the inaccessibility of the many parts of the framing exist- 
ing between the outer and inner bottom, which seldom exceeds 
thirty-six to forty inches in depth, it was at first thought the 
material in these spaces would deteriorate very rapidly incident to 
the emptying and filling of these waterbottoms for ballast with all 
sorts of impure water, wherever and whenever it might be found 
necessary to fill them; but experience has shown that “the active 
agent in the corrosion is the carbonic acid of the atmosphere which, 
in the presence of moisture and oxygen, forms compounds with 
the iron which are unstable and after formation break up, legving 
the carbonic acid free to continue its work,” and the difficulty is 
practically overcome by keeping these spaces closed to the air 
except when such vessels are placed on dry-dock, when the plugs 
of the limbers are opened and the space between the outer and 
inner bottoms thoroughly washed out with hose. 

The Committee’s report certainly gives us all much enlighten- 
ment on this subject, which few of us have any time or inclination 
to exploit. 
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REPORT OF COMMITTEE “G” ON 
THE MAGNETIC PROPERTIES OF IRON AND STEEL. 


The Committee recently appointed to investigate the subject 
of “‘The Magnetic Properties of Iron and Steel,” as a result of a 
meeting held at New York City June 26, 1903, submits the 
following for your consideration: 

1. That for the present, at least, the Committee will consider, 
in its investigations, only those subjects which have a bearing of 
practical, commercial importance. 

2. That with the approval of the Society, the Committee will 
attempt the preparation of a bibliography of the literature in the 
English, French, and German languages relating to the subject at 
hand. 

3. To the end that an attempt at standardization of magnetic 
materials and means and methods of testing may be successful, 
the Committee proposes to conduct the necessary investigations 
and research to enable it to recommend a method of obtaining 
samples for magnetic tests, and a rapid, yet sufficiently accurate 
means of making magnetic determinations on the different kinds 
of iron and steel in commercial use. 

4. A chemical, magnetic, and microscopic study of cast steel, 
with a view to ascertaining those mixtures and heat treatments 
which produce the best magnetic iron consistent with other 
requirements. 

5. A similar study of cast iron, except in so far as the above 
refers to heat treatment. 

6. A chemical, magnetic, and microscopic study of steel for 
permanent magnets. 

7. Investigation of methods of hardening steel for permanent 
magnets, with the hope of being able to recommend the methods 
which, for the different alloys, will result in the highest quality 
consistent with the other requirements of the process and product- 

8. A study of the deterioration of permanent magnets of 
different alloy, under-varied conditions. 
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g. A chemical, magnetic, and microscopic study of sheet steel 
under varied heat treatments. 

It is entirely possible that in course of the investigations herein 
outlined new lines of research may be suggested, and further that 
not all of the work set forth will be begun during the ensuing year. 
To the Committee, it appears highly desirable that all the light 
possible be brought to bear upon the literature of the subject, 
and that the methods of conducting the tests be as thoroughly 
systematized as possible prior to the beginning of some of the 
lines of research. 

Respectfully submitted, 
J.WALTER ESTERLINE, Chairman, 
Joun A. Capp, 
lols 1d, IO 
W. A. LAYMAN, 
J. A. MATHEWws, 
RICHARD MOLDENKE, 
R. B. TReEatT. 


SPECIFICATIONS FOR IRON AND STEEL STRUCTURES 
ADOPTED BY THE AMERICAN RAILWAY ENGI-— 
NEERING AND MAINTENANCE OF WAY 
ASSOCIATION IN MARCH, 1903. 


Wir INTRODUCTION BY J. P. SNow, CHAIRMAN. 


The development of the specifications for material that were 
adopted at the annual meeting of the American Railway Engi- 
neering and Maintenance of Way Association in March, 1903, 
may be said to have commenced with the report of the -Com- 
mittee on Iron and Steel Structures at the annual meeting of 
March, 1got. 

At that meeting the specifications presented in 1900 by the 
American Branch of Committee No. 1 of the International Asso- 
ciation for Testing Materials, at the New York meeting of the 
American Section (now the American Society for Testing Ma- 
terials), were put forth as a basis, and certain modifications 
recommended. These recommendations called for two grades 
of structural steel with limits of 52,000 to 60,000, and 60,000 to 
68,000, with rivet steel 50,000 to 58,000. The usual requirements 
for yield point and elastic limit were prescribed, but rather severe 
bending tests were called for, inasmuch as the bending specimens 
were to be left with sheared edges. 

Two valuable schedules were presented showing the great 
lack of uniformity in the practice of American engineers and rail- 
roads. The discussion turned mainly on minor points, without 
touching upon the central feature of grade of steel to be recom- 
mended. 

The following year the members of the Committee were 
unable to agree on the question of grade of steel, and presented 
a progress report only. Five of the nine members voted for two 
grades, viz.: tensile strength, 51,000 to 59,000 and 61,000 to 69,000, 
and four voted for a single grade of 55,000 to 65,000 tensile strength. 
Both of these schemes departed radically from the time-honored 
practice of two grades which covered everything from 52,000 to 
68,000, the grades either meeting at 60,000 or lapping so that 
60,000 to 62,000 was common to both grades. The subject was 
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vigorously discussed in the Committee and by the Association 
at the annual meeting. The advocates of the single grade claimed 
that the average proposed, viz.: 60,000 pounds tensile strength, 
is the natural product of the basic open-hearth furnace, which 
is the present-day method of making structural steel; that it could 
be safely used without reaming up to 5-8” thick, but would be 
improved by reaming if such improvement were desired, and - 
that if the two-grade scheme were adopted, it would be very 
difficult to get the metal that they considered the most desirable, 
viz.: 60,000 pounds tensile strength, because manufacturers would 
shun it, as it would be barred out of either grade. 

The advocates of the two-grade scheme proposed the zone 
of difference for the reason that it was difficult under the old- 
time scheme to obtain material ranging as high as they desired 
in reamed work, thinking that if two distinct grades with a gap 
between were established it would induce manufacturers to pro- 
duce material more suitable for their purpose. Moreover, believ- 
ing 68,000 to 7o,coo-pound material to be perfectly safe when 
reamed and plamred, they were reluctant to limit the upper grade 
to 65,000 pounds. 

The Committee for the following year (1902-1903), consist- 
ing of ten members, canvassed the matter thoroughly during the 
year. The result was an agreement of all the members on a single 
grade averaging 60,000 pounds for structural steel and a material 
not over 55,000 pounds for rivets. This as embodied in the speci- 
fications before you was adopted by the Association after consid- 
erable discussion. 

At the Atlantic City meeting of this Society in June, 1902, the 
question of the desirability of recommending a single grade of 
steel for structural work was discussed. The matter was referred 
back to Committee No. 1, with the general understanding that 
the action of other societies was to be studied, especially that of 
the Maintenance of Way Association. It seems appropriate there- 
fore to present the conclusions of that body here, with the above 
statement of the course of events leading up to the result. 

Mr. William R. Webster has taken a very active part in 
furthering the work of the Committee and in bringing the matter 
to a satisfactory conclusion. He has interested prominent engi- 
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neers and shipbuilders in the question of a single grade of struc- 
tural material, with the result of bringing out much support for 
the scheme. Since the single grade idea was brought prominently 
forward, many large railroads have adopted it in their specifica- 
tions. The Cramp Ship and Engine Building Company write 
that they consider the grade proposed satisfactory for the frame 
and sheathing of ships. We are assured by nearly all the large 
steel manufacturers that the grade is satisfactory to them, and it 
is very close to the generally adopted standards of European 
~ countries. ; 

On the matter of mill testing the feeling of the Committee 
is that more importance should be put upon full-sized cold bend- 
ing than has been customary in the past. The tensile tests and 
chemical investigations show the grade of steel and the work of 
the furnace, but to check the work of the rolls, the reheating fur- 
naces, if any are used, and the final heat treatment, it is thought 
that cold bending, either plain or nicked, is indispensable. 


| SPECIFICATIONS FOR MATERIAL AND WORKMANSHIP FOR 
\ STEEL STRUCTURES. 


MATERIAL. 
: 1. Steel shall be made by the open-hearth process. 
; Chemical and Physical ) ae 
Properties. Structural Steel. | Rivet Steel. Steel Castings. 
: (Basic. .| 0.04 per cent. 0.04 per cent. 0.05 per cent. 
Phosphorus maxX.) acid . = oo « ome « oo 
: Sulphur maximum. . . . SOG.S -% 2S Qo“ 
3 
Ultimate tensile strength. | Desired. Desired. | Not less than 
: Pounds per square inch . . | ,000 50,000 ©, 000 
j . Elongation: min. = in 8” { EE BS Cee SN 
. : re mi Uh. — strength. Ult. tensile strength.) 
es “ gin F Pe | See : $ 
: 
Character of fracture... Silky. ) Silky. age eo 
Cold bends without fracture | 180° flat 180° flat.t 9° 
* See paragraph 11. ¢ See paragraphs 12, 18, and 14. t See paragraph 15, 


The yield point, as indicated by the drop of beam, shall be recorded in the 
test reports. 

3- Tensile tests of steel showing an ultimate strength within 5,000 Ibs. of 
that desired will be considered satisfactory, except that if the ultimate strength 
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varies more than 4,000 lbs. from that desired, a retest shall be made on the same 
gage, which, to be acceptable, shall be within 5,000 lbs. of the desired ultimate. 

4. Chemical determinations of the percentages of carbon, phosphorus, sulphur 
and manganese shall be made by the manufacturer from a test ingot taken at the 
time of the pouring of each melt of steel and a correct copy of such analysis shall 
be furnished to the engineer or his inspector. Check analyses shall be made from 
finished material, if called for by the purchaser, in which case an excess of 25 
per cent. above the required limits will be allowed. 

5. PLATES, SHAPES AND Bars: Specimens for tensile and bending tests for 
plates, shapes and bars shall be made by cutting coupons from the finished product, 
which shall have both faces rolled and both edges. milled to the form shown by 
Fig. 1; or with both edges parallel; or they may be turned to a diameter of 3? inch 
for a length of at least 9 inches, with enlarged ends. 

6. Rivets: Rivet rods shall be tested as rolled. 

7. PINS AND ROLLERS: Specimens shall be cut from the finished rolled or 
forged bar, in such manner that the center of the specimen shall be 1 inch from 
the surface of the bar. The specimen for tensile test shall be turned to the form 
shown by Fig. 2. The specimen for bending test shall be 1 inch by 4 inch in section. 

8. STEEL CAstTINGS: ‘The number of tests will depend on the character and 
importance of the castings. Specimens shall be cut cold from coupons molded 
and cast.on some portion of one or more castings from each melt or from the 
sink heads, if the heads are of sufficient size. The coupon or sink head, so used, 
shall be annealed with the casting before it is cut off. Test specimens to be of 
the form prescribed for pins and rollers. 
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9. Material which is to be used without annealing or further treatment shall 
be tested in the condition in which it comes from the rolls. When material is to 
be annealed or otherwise treated before use, the specimen representing such material 
shall be similarly treated before testing. 

to. At least one tensile and one bending test shall be made from each melt 
of steel as rolled. In case steel differing 3 inch and more in thickness is rolled 
from one melt, a test shall be made from the thickest and thinnest material rolled. 
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ir. For material less than 5-16 inch and more than ? inch in thickness the 
following modifications will be allowed in the requirements for elongation: 

(a) For each 1-16 inch in thickness below 5-16 inch, a deduction of 24 per 
cent. will be allowed from the specified elongation. 

(b) For each $ inch in thickness above ? inch, a deduction of 1 per cent. 
will be allowed from the specified elongation. 

(c) For pins and rollers over 3 inches in diameter the‘elongation in 8 inches 
may be 5 per cent. less than that specified in paragraph 2. 

12. Bending tests may be made by pressure or by blows. Plates, shapes 
and bars less than x inch thick shall bend as called for in paragraph 2. 

13. Full-sized material for eye-bars and other steel 1 inch thick and over 
shall bend cold 180° around a pin the diameter of which is equal to twice the 
thickness of the bar, without fracture on the outside of bend. 

14. Angles ? inch and less in thickness shall open flat, and angles 4 inch 
and less in thickness shall bend shut, cold, under blows of a hammer, without sign 
of fracture. This test will be made only when required by the inspector. 

15. Rivet steel, when nicked and bent around a bar of the same diameter as 
the rivet rod, shall give a gradual break and a fine, silky, uniform fracture. 

16. Finished material shall be free from injurious seams, flays, cracks, defective 
edges, or other defects, and have a smooth, uniform, workmanlike finish. 

17. Every finished piece of steel shall have the melt number and the name of 
the manufacturer stamped or rolled upon it. Steel for pins and rollers shall be 
stamped on the end. Rivet and lattice steel and other small parts may be bundled 
with the above marks on an attached metal tag. 

18. Material which, subsequent to. the above tests at the mills and its accept- 
ance there, develops weak spots, brittleness, cracks or other imperfections, or is 
found to have injurious defects, will be rejected at the shop and shall be replaced 
by the manufacturer at his own cost. 

1g. A variation in cross-section or weight of each piece of steel of more than 
24 per cent. from that specified will be sufficient cause for rejection, except in case 
of sheared plates, which will be covered by the following permissible variations, 
which are to apply to single plates. 


WHEN ORDERED TO WEIGHT. 


20. Plates 124 pounds per square foot or heavier: 
(a) Up to 100 inches wide, 24 per cent. above or below the prescribed weight. 
(b) One hundred inches wide and over, 5 per cent. above or below. 
21. Plates under 124 pounds per square foot: 
(a) Up to 75 inches wide, 24 per cent. above or below. 
(6) Seventy-five inches and up to 100 inches wide, 5 per cent. above or 
3 per cent. below. 
(c) One hundred inches wide and over, 10 per cent. above or 3 per cent. 
below. 
WHEN ORDERED TO GAGE. 


22. Plates will be accepted if they measure not more than o.or inch below 
the ordered thickness. 


_. =. = 
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23. An excess over the nominal weight, corresponding to the dimensions on 
the order, will be allowed for each plate, if not more than that shown in the follow- 
Te ee eee 

24. Ps. a 


Width of Plate. 


Ww 
anes, | Up to 75 inch. | (Tand upto 100” amd up to Over 115.” 
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INSPECTION AND TESTING AT THE Muts. 


26. The purchaser shall be furnished complete copies of mill orders, and no 
material shall be rolled, nor work done, before the purchaser has been notified 
where the orders have been placed, so that he may arrange for the imspection. 

27. The manufacturer shall furnish all facilities for inspecting and testing the 
weight and quality of all material at the mill where it is manufactured. He shall 
furnish a suitable testing machine for testing the specimens, as well as prepare 
the pieces for the machine, free of cost. 

28. When an inspector is furnished by the purchaser to imspect material at 
the mills, he shall have full access, at all times, to all parts of mills where material 
to be imspected by him is being manufactured. 


WoRKMANSE. 


29. All parts forming a structure shall be built im accordance with approved 
drawings. The workmanship and fimish shall be equal to the best practice in 
modern bridge works. 

30. Material shall be thoroughly straightened in the shop, by methods that 
will not injure it, before being laid off or worked in any way. 

32. Shearing shall be neatly and accurately done and all portions of the work 
exposed to view neatly fimished. 


» 
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32. The size of rivets, called for on the plans, shall be understood to mean 
the actual size of the cold rivet before heating. 

33. When general reaming is not required, the diameter of the punch for 
material not over $ inch thick shall be not more than 1-16 inch, nor that of the 
die more than ¢ inch larger than the diameter of the rivet. Material over § inch 
thick, except minor details, and all material where general reaming is required, 
shall be sub-punched and reamed as per paragraph 61, or drilled from the solid. 
Rolled beams and channels used in floors of railroad bridges shall be sub-punched 
and reamed, or drilled from the solid. 

34. Punching shall be accurately done. Slight inaccuracy in the matching of 
holes may be corrected with reamers. Drifting to enlarge unfair holes will not be 
allowed. Poor matching of holes will be cause for rejection at the option of the 
inspector. 

35. Riveted members shall have all parts well pinned up and firmly drawn 
together with bolts before riveting is commenced. Contact surfaces to be painted 
(see paragraph 65). 

36, Lattice bars shall have neatly rounded ends, unless otherwise called for. 

37. Stiffeners shall fit neatly between flanges of girders. Where tight fits are 
called for, the ends of the stiffeners shall be faced and shall be brought to a true 
contact bearing with the flange angles. 

38. Web splice plates and fillers under stiffeners shall be cut to fit within 
$ inch of flange angles. 

30. Web plates of girders, which have no cover plates, shall be flush with the 
backs of angles or project above the same not more than $ inch, unless otherwise 
called for. When web plates ate spliced, not more than } inch clearance between 
ends of plates will be allowed. 

40. Connection angles for floor girders shall be flush with each other and 
correct as to position and length of girder. In case milling is required after riveting, 
the removal of more than 1-16 inch from their thickness will be cause for rejection. 

4r. Rivets shall be driven by pressure tools wherever possible. Pneumatic 
hammers shall be used in preference to hand driving. 

42. Rivets shall look neat and finished, with heads of approved shape, full 
and of equal size. They shall be central on shank and grip the assembled pieces 
firmly. Recupping and calking will not be allowed. Loose, burned or otherwise 
defective rivets shall be cut out and replaced. In cutting out rivets great care 
shall be taken not to injure the adjacent metal. If necessary they shall be drilled 
out, 

43. Wherever bolts are used in place of rivets which transmit shear, the holes 
shall be reamed parallel and the bolts turned to a driving fit. A washer not less 
than } inch thick shall be used under nut. 

44. The several pieces forming one built member shall be straight and fit 
closely together, and finished members shall be free from twists, bends or open 
joints. 

45. Abutting joints shall be cut or dressed true and straight and fitted close 
together, especially where open to view. In compression joints depending on 
contact bearing the surfaces shall be truly faced, so as to have even bearings after 
they are riveted up complete and when perfectly aligned. 
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46. Holes for floor girder connections shall be sub-punched and reamed with 
twist drills to a steel template x inch thick. Unless otherwise allowed, all other © 
Held connections shall be assembled im the shop and the unfair holes reamed; and 
when so reamed the pieces shall be match-marked before being taken apart. 

47. Eye-bars shall be straight and true to size, and shall be free from twists, 
folds in the neck or head. or any other defect. Heads shall be made by upsetting, 
rolling or jorging. Welding will not be allowed. The form of heads will be deter- 
mined by the dies im use at the works where the eye-bars are made, if satisfactory 
to ‘the engineer, but the manufacturer shall guaraniee the bars to break in the ~ 
body with a silky fracture. when tested to rupture. The thickness of head and 
neck shall not vary more than 1-16 inch from the thickness of the bar. 

48. Before boring, each eye-bar shall be properly annealed and carefully ~ 
straightened. Pin holes shall be im the center line of bars and in the center of 
heads. Bars of the same length shall be bored so accurately that, when placed 
together, pims 1-32 inch smaller in diameter than the pin holes can be passed 
through the holes at both ends of the bars af the same time. 

49. Pin holes shall be bored true to gauges, smooth and straight, at right 
angles to the axis of the member and parallel to each other, unless otherwise called 
for. Wherever possible, the boring shall be done after the member is riveted 
upon, 

30a. The distance center to center of pin holes shall be correct within 1-32 inch, 
and the diameter of the hole not more than 1-50 inch larger than that of the pin, 
for pims up to 5 inches diameter, and 1-32 imch for larger pins. 

Sr. hapaantehomrsans “oecaenbes Comes to gauges and shall be straight 
and smooth and entirely free from flaws. 

$2. At least ome pilot and driving nut shall be furnished for each size of pin 
for each structure. 

33. Screw threads shall make tight fits in the nuts and shall be United States 
Standard, except at ends of pims and for bolts over 1$ inches in diameter, for which 
six threads per inch shall be used. 

$4. Steel, except im minor details, which has been partially heated shall be 
ly PONS 

=. All steel castings shall be annealed. 
36. Welds in steel will nt be allowed 
7- Expansion bed plates shall be planed true and smooth. Cast wall plates 
Seal on qiosel hip a The cut of the planing tool shall correspond 
with the direction of expansion. 
5 Pins, nuts. bolts, rivets and other small details shall be boxed or crated. 
39. The weight of ewery piece and box shall be marked on it in plain figures. 


Apormoxal Spacircarions WHEN GENERAL REAwING AND PLANING ARE 
REQUIRED. 


Go. Sheared edges and ends shall be planed off at least } inch. 2 
62. Punched holes shall be made with a punch 3-16 inch smaller in diameter 
than the mominal size of the rivets and shall be reamed to a finished diameter of 
moi more than z-26 inch larger than the rivet. 
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62. Wherever practicable, reaming shall be done after the pieces forming one 
built member have been assembled and firmly bolted together. If necessary to 
take the pieces apart for shipping and handling, the respective pieces reamed 
together shall be so marked that they may be reassembled in the same position in 
the final setting up. No interchange of reamed parts will be allowed. 

63. The burrs on all reamed holes shall be removed by a tool countersinking 
about 1-16 inch. ‘ 5 


SHop PAINTING. 


64. Steel work, before leaving the shop, shall be thoroughly cleaned and given 
one good coating of pure linseed oil, or such paint as may be called for, well worked 
into all joints and open spaces. 

65. In riveted work, the surfaces coming in contact shall each be painted 
before being riveted together. 

66. Pieces and parts which are not accessible for painting after erection, 
including tops of stringers, eye-bar heads, ends of posts and chords, etc., shall 
have a good coat of paint before leaving the shop. 

67. Painting shall be done only when the surface of the metal is perfectly dry. 
It shall not be done in wet or freezing weather, unless protected under cover. 

68. Machine-finished surfaces shall be coated with white lead and tallow 
before shipment or before being put out into the open air. 


INSPECTION AND TESTING AT THE SHOPS. 


69. The manufacturer shall furnish all facilities for inspecting and testing 
weight and the quality of workmanship at the shop where material is manufactured. 
He shall furnish a suitable testing machine for testing full-sized members if required. 

70. The purchaser shall be furnished complete shop plans, and must be 
notified well in advance of the start of the work in the shop, in order that he may 
have an inspector on hand to inspect material and workmanship. Complete copies 
of shipping invoices shall be furnished to the purchaser with each shipment. 

71. When an inspector is furnished by the purchaser, he shall have full access, 
at all times, to all parts of the shop where material under his inspection is being 
manufactured. 

72. The inspector shall stamp each piece accepted with a private mark. Any 
piece not so marked may be rejected at any time, and at any stage of the work. 
If the inspector, through an oversight or otherwise, has accepted material or work 
which is defective or contrary to the specifications, this material, no matter in what 
stage of completion, may be rejected by the purchaser. 


FULL-SIZED TESTS. 


73. Full-sized parts of the structure may be tested at the option of the purchaser. 
If tested to destruction, such material shall be paid for at cost, less its scrap value, 
if it. proves satisfactory. 

74. If itdoes not stand the specified tests, it will be considered rejected material 
and be solely at the cost of the contractor, unless he is not responsible for the 
design of the work. 
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75. Ineye-bar tests the ultimate strength, true elastic limit and the elongation 
in ro feet, unless a different length is called for, shall be recorded. 
76. In transverse tests the lateral and vertical deflections shall be recorded. 


J. P. SNow, Bridge Engineer, Boston & Maine Railroad, 

Boston, Mass., Chairman; 
_ B. Douctras, Bridge Engineer, Michigan Central Railroad, 

Detroit, Mich., Vice-Chairman; 

JoHN BruNNER, Assistant General Superintendent, North 
Works, Illinois Steel Company, Chicago, IIL; 

T. L. Conpron, Consulting Engineer, Chicago, Ill.; 

C. L. CRANDALL, Professor of Railroad Engineering, Cornell 
University, Ithaca, N. Y.; 

J. E. GREINER, Engineer of Bridges and Buildings, Baltimore 
and Ohio Railroad, Baltimore, Md.; 

Wa. M. Hucues, Consulting Bridge Engineer, Chicago, IIl.; 

Wa. MIcHEL, Engineer Maintenance-of-Way, Hocking Valley 
Railroad, Columbus, O.; 

C. C. SCHNEIDER, Vice-President American Bridge Company, 
New York, N. Y.; 

J. R. WorcEsTER, Consulting Engineer, Boston, Mass., 

Committee. 


SPECIFICATIONS FOR LOCOMOTIVE AXLES AND FORG-— 
INGS PREPARED BY A COMMITTEE OF THE AMERI- 
CAN RAILWAY MASTER MECHANICS’ ASSOCIATION. 


Wits Inrropuction By F. H. Crark, CHAIRMAN. 


I would say by way of introduction that the American 
Railway Master Mechanics’ Association appointed a committee 
last year with instructions to present specifications for locomotive 
forgings and for driving and engine truck axles, to consult with 
this Society and with others interested and to try to have ready 
by the time of the International Railway Congress of 1905 satis- 
factory specifications for the material referred to. We have 
accordingly prepared three specifications—one for locomotive 
driving and engine truck axles, one for locomotive forgings, 
and one for steel blooms and billets for locomotive forgings. 
In a general way the work of our Committee conforms quite 
closely to the specifications adopted by your Society two years 
ago. 

Our Committee has considered pretty carefully in connection 
with the method of taking the test pieces for axles, the question 
of reduction in strength, and we cannot find that the strength 
will be appreciably affected. The depth of the hole made by 
the hollow drill is somewhat less than the width of wheel fit, 
say from two-thirds to three-fourths, so that the weakening is 
very slight. 


PROPOSED SPECIFICATIONS FOR LOCOMOTIVE DRIVING 
AND ENGINE TRUCK AXLES. 


MATERIAL. 
Open Hearth Steel. 


CHEMICAL REQUIREMENTS. 


Phosphorus, not to exceed.........- 0.05 per cent. 
Sulphur, ld ad Lada reise 0.05 ef 
Manganese, ‘“ Mt) eel aie atest 0.60 
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PHYSICAL REQUIREMENTS. 


Tensile strength, not less than 80,000 pounds per sq. inch. 
Elongation in two inches, not less than 20 per cent. 
Reduction in area, not less than 35 per cent. 


NUMBER OF TESTS. 


: 


One test per melt will be required, the test specimen to be taken from either 
end of any axle with a hollow drill, half-way between the center and the outside, 
the hole made by the drill to be not more than two inches in diameter, nor more 
than 44 inches deep. The standard turned test specimen, one-half inch in diameter 
and two inches gauge length, shall be used to determine the physical properties. 
(See figure.) Drillings or turnings from the tensile specimens shall be used to 
determine the chemical properties. 


STAMPING AND MARKING. 


Each axle must have heat number and manufacturer’s name, plainly stamped 
on one end, with stamps not less than % inch, and have order number plainly 
marked with white lead. 


INSPECTION. 


All axles must be free from seams, pipes, and other defects, and must conform 
to drawings accompanying these specifications. 

Axles must be rough-turned all over, with a flat-nosed tool, cut to exact length, 
have ends smoothly finished and centered with sixty-degree centers. 

Axles failing to meet any of the above requirements, or which prove defective 
on machining, will be rejected. . 

The above specification for locomotive driving and truck axles is believed 
to be fair to both manufacturer and purchaser. The physical test outlined is one 
which should insure proper hammer work and it has also the following further 
points in its favor: 

(zt) It does not show the manufacturer which axle is to be selected for test. 

(2) The axle tested is not destroyed, but is available for use if it meets the 
requirements. 

(3) The test may be used in the purchase of small lots, most orders from 
railroad companies being for from six to ten axles. 

(4) The test does not require a discard and in no way adds to the cost of 
the axle. 

(5) It furnishes the manufacturer with a check of the work done in his plant. 

(6) The test is one largely used by the United States Government for forgings. 
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PROPOSED SPECIFICATIONS FOR LOCOMOTIVE FORGINGS. 
MATERIAL. 


Open Hearth Steel. 


CHEMICAL REQUIREMENTS. 


Phosphorus, not to exceed.........- 0.05 per cent. 
Sulphur, S ES Oak Shs rata cha 0.05 i 
Manganese, he is fen ore eae eeret 0.60 4 


PHYSICAL REQUIREMENTS. 


Tensile strength, not less than 80,000 pounds per square inch. 
Elongation, not less than 20 per cent. in two inches. 
Reduction in area, not less than 35 per cent. 


NUMBER oF TESTS. 


One test per melt will be required, the test specimen to be cut cold from 
the forging, or full-sized prolongation of same, parallel to the axis of the forging 
and half-way between the center and the outside. 

The standard turned specimen, one-half inch in diameter and two inches 
gauge length, shall be used to determine the physical properties. (See Figure.) 
Drillings or turnings from the tensile specimen shall be used to determine the 
chemical properties. 


STAMPING AND MARKING. 


Each forging must have heat number and name of manufacturer plainly 
stamped on one end with figures not less than 34 inch and have order number 
plainly marked with white lead. 


INSPECTION. 


All forgings must conform to drawings which accompany these specifications, 
and be free from seams, pipes, and other defects. 

Any forgings failing to meet any of the above requirements, or which prove 
defective on machining, will be rejected. 

The above specifications for locomotive forgings are based upon the specifi- 
cations adopted by the American Society for Testing Materials, with some slight 
modifications, which, it is believed, will tend to improve the product. The physical 
test is substantially the same as that recommended above for testing locomotive 
driving and truck axles, and the same arguments may be used in its favor. 
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PROPOSED SPECIFICATIONS FOR STEEL BLOOMS AND BILLETS 
FOR LOCOMOTIVE FORGINGS. 


MATERIAL. 
Open Hearth Steel. 


PHYSICAL REQUIREMENTS. 
Grade “A:” 
Tensile strength, 70,000 pounds per square inch. 
Elongation in two inches, 20 per cent. 
Grade “B:” 
Tensile strength, 80,000 pounds per square inch. 
Elongation in two inches, 17 per cent. 


CHEMICAL ANALYSIS. 


Grade A: 
Carbon wala cecleyo eee tee aceeieeiee 0.25 to 0.40 per cent. 
Phosphoriis,wotito) exceede= se eee eee te 0.06 Ag 
Sulphur, 2 A ORIG ee 0.06 e 
Manganese, e pee othe Sao ae 0.60 BY 
Grade “B:” 
CArDOD arose etc lais e.fosieeeys pare 0.35 to 0.50 per cent. 
Phosphorus not to exceed. = sss eee 0.05 fs 
Sulphur, SS ds Maeve 2 ec are ets 0.05 rf 
Manganese, eee CO Ret aret 0.60 ee 


NUMBER OF TESTS. 


One test per melt should be required, the test specimen to be cut cold from 
the bloom, parallel to its axis and half-way between the center and the outside. 
The standard turned test specimen, one-half inch in diameter and two inches 
gauge length, shall be used to determine the physical properties. (See Fig. 1.) 
Drillings or turnings from the tensile specimen shall be used to determine the 
chemical properties. 


- STAMPING AND MARKING. 


Each bloom or billet must have heat number and manufacturer’s name 
plainly stamped on one end, with stamps not less than 3% inch and have order 
number plainly marked with white lead. 


INSPECTION. 


Blooms and billets must be free from checks, pipes, and surface defects. Any 
blooms or billets chipped to a depth greater than one-half inch will be rejected. 
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Any billet or bloom failing to meet the above requirements will be rejected and 
held, subject to disposal by manufacturers. 
Inspector to have the privilege of taking drillings from the center of the top 
bloom or billet of the ingot in order to determine the amount of segregation. 
Grade “A” is blooms or billets for rod straps and miscellaneous forgings. 
Grade “B” is blooms or billets for driving and truck axles, connecting rods, 
crank pins and guides. : 
F. H. Crarxk, Chairman, 
J. E. SAGUE, 
S. M. VAUCLAIN, 
L. R. PoMERoy, 
Committee. 


Chicago, Illinois, June 6, 1903. 


PROPOSED MODIFICATIONS IN THE SPECIFICATIONS 
FOR STEEL RAILS ADOPTED BY THE AMERICAN 
RAILWAY ENGINEERING AND MAINTENANCE 
OF WAY ASSOCIATION IN MARCH, 1993. 


Wrrs Intropuctrion By Wiitram R. WEBSTER, CHAIRMAN. 


The differences in the specifications met last year by 
this Committee and those adopted by the American Society for 
Testing Materials were fully discussed at the Fifth Annual Meet- 
ing, June, 1902, and referred back to Committee No. 1 for further 
consideration.* 

Since then four members of this Committee met with a 
committee of the rail manufacturers in Chicago, and reported at 
the Annual Convention last March as follows: 


“As a result of our interview with the manufacturers yesterday, we found 
they were very much opposed to giving a drop test on each heat of steel. We 
would therefore suggest that a drop test on one heat in five be accepted for the 
present. We do not want to commit the other members af the Committee to 
this matter, and merely offer it as a suggestion. That is about the only suggestion 
we have to make on the report submitted last year. 

“Qur views in regard to the shrinkage clause are unchanged. We have not 
enough information te suggest anything definite at this time. We want to offer 
for discussion the matter of a greater height of drop on the heavier section rails 
than submitted in our report; we offer no change, but merely want the views of 
the members present, so that there are really only one or two points we offer for 
discussion. : 

“The manufacturers said that they wanted us to consider the matter of standard 
drilling. They thought that was something that would be of benefit to all. The 
eeeier es ee ae eee 
it up, we will do s0.” 


This report was approved and accepted as a report of progress 
and the Committee continued. 
The Committee has since received the following instructions 
for this year 
“Drop tests. Shrinkage dause. Confer with Track Committee with regard 
to standard drilling. Submit revised specifications, if deemed advisable, supplying 
margined index. Publish October 1. Discussion to dose September 1.” 


* See Proceedings, vol. ii. pp. 23-40. 
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The committee of rail manufacturers have suggested the 
following standard drilling for consideration: 

All holes 1 inch in diameter. 

For 4-hole splice, 23/’—5/”. 

For 6-hole splice, 24/’- </” —6!. 

During the past year ae specifications were prepared 
by Mr. Trimble, former Chairman of the Committee, and were 
submitted to the members for their written opinions. The prin- 
cipal differences between these specifications and those presented 
at the Atlantic City meeting are: 

a. Height of drop for heavier sections. 

. Lengths of rails. Shortest length, 24 feet. 
Straightening both hot and cold. 
Inspection. 

. No. 2 rails. 


mM B&W DN 


Mr. Job. 


DISCUSSION. 


ROBERT JoB.—1. As to detection of coarse grain in steel rails 
by means of drop tests: 

(a) Our practice has proved beyond any question that the 
ordinary drop test of weight of 2,000 pounds falling 20 feet upon 
butts about 44 feet long and 3 feet between supports, does not 
cause fracture of coarse-grained rails, 80 pounds and over, except- 
ing when brittleness due to other causes, such as piping, burning 
of steel, etc., is present. 

(b) Large microstructure is due to slow, undisturbed cooling 
from a high temperature, and causes lessened ductility, and 
lessened strength under impact. Consequently it should be 
perfectly feasible so to proportion weight and height of drop as 
to produce fracture if grain exceed a certain size. Since service 
results (paragraph 4) show that with solid steel resistance to 
wear—other properties and conditions being equal—increases 
with decrease of size of grain, it follows that a test so arranged 
must be of great value as an indication of the service life of steel. 

2. As to relation of microstructure to appearance of fractured 
surfaces: : 

(a) When the fractured surface appears coarse-grained the 
microstructure is coarse-grained. 

(b) When the fractured surface appears fine-grained the 
microstructure may or may not be fine-grained. In other words 
steel of coarse microstructure may be made to show a fairly 
fine-grained fracture under certain conditions of fracturing. 

(c) When the microstructure is fine-grained the fractured 
surface appears fine-grained. 

(d) To illustrate the relations existing at given points between 
appearance of grain in microstructure and upon fractured surfaces 
when the conditions attending the fractures are identical through- 
out, we took a steel slab, about 6 inches wide, 14 inches thick, 
and 2 feet long, let one end remain in fire just below melting 
temperature for two hours, the other end being cool. The slab 
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was then removed from the fire and let cool in air, and a slot 
cut about } inch deep along the slab longitudinally. The slab 
was fractured longitudinally under the steam hammer and the 
surface was photographed, one-half size, Pl. I., Fig. 3,* showing 
gradual change in size of grain from fine to coarse (Metcalf’s 
experiment). : 

The fracture of the steel was then photographed (2 diame- 
ters), Fig. 1, at points 1, 2 and 3 indicated upon Fig. 3. Micro- 
sections were taken from the same points, and appear (50 diame- 
ters) in. Fig. 2. 

It will be seen that under these conditions of fracturing 
there is a close general relation between the size of grain of the 
fractured surface as seen by the eye and that shown in the micro- 
structure at corresponding points. It should, however, be noted 
that when a number of rails from the same rolling are fractured, 
the surfaces may vary considerably from fine to coarse, although 
the general microstructure is usually quite constant because the 
latter is not subject to the varying conditions which attend the 
taking of different fractures. 

The composition of the steel slab follows: 


Carbon lteter c7- acer -isties cin saan ae aiicia’s oper ears 0.090 
IMANPUNESCi nr. Seite ta He meee ers mde etna 0.277 
PNOSPHOLUS tee oe se eee eco Toanctieptoasa- 0.135 
SUD DUIS romeo oo stow eae oe ear ere ne 0.106 


3. As to relations between appearance of fracture and poor 
service wear. 

In most cases rails of fairly solid steel fracturing in service, 
or giving poor wear, have shown coarse-grained fracture, indi- 
cating high finishing temperature. In relatively few cases the 
fracture has appeared fairly fine-grained, but upon polishing and 
etching a section, the structure has always appeared coarse unless 
the poor service was due to low elastic limit, or to seamy con- 
dition of the steel, either of which characters precludes proper 
service irrespective of granular form. 


* Acknowledgment is made to the Engineering News Publishing Company for 
the cuts used in this paper. 


Mr. Job. 


Mr. Job. 


78 DISCUSSION ON SPECIFICATIONS FOR STEEL RAILS. 


4. As to relations between coarse microstructure and poor 
wearing qualities of rails in service. 

Upon a lot of 75,000 tons of go-pound rails observed during 
a period of five years, we have found fifteen times as many frac- 
tures in the case of rails having coarse microstructure (Fig. 4) 
as in those of a much finer form (Fig. 5). We have also invariably 
found, with good degree of solidity of steel and with other prop- 
erties and conditions approximately equal, a marked increase in 
rapidity of wear of steel of the coarse microstructure as compared 
with that of the finer. 


Fic. 4. HiGs 5. 
Coarse-grained rail, center of head. x 50. Rail, center of head. x 50. 


5. As to relation between degree of shrinkage of rails after 
hot saws, and service life. 

(a) Rails with shrinkage of 7 inches and over on 30-foot 
length have showed relatively large number of fractures and 
relatively rapid wear. 

(b) Rails with shrinkage of 64 inches and less on 30-foot 
length, with rapid rolling and without holding between passes, 
have showed very largely decreased number of fractures, together 
with increased capacity for wear when the steel was solid. 

6. As to relations between piping of rails and fractures in 
service and under drop test. 

A large majority of the rails fractured in service and under 
drop test show piping to a considerable extent either directly upon 


fae 
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the fractured surface or else when the cross-section is polished 
and etched. 

7. As to tests necessary to insure tough, well-wearing rails, 
we may cite the following: 

(a) Absence of brittleness is insured in go-pound rails by 
drop test of 2,000 pounds falling 23 feet upon rail butts about 44 
feet long, 3 feet between supports, one test being made upon each 
heat, each test butt being taken from the top of an ingot. 

(b) Toughness and moderately slow wear, if the steel is 
solid, is insured by enforcing the following practice, viz.: temper- 


ature of ingot or bloom to be such that with rapid rolling and 


without holding before or in the finishing passes or subsequently, 
and without artificial cooling after. leaving last pass, the distance 
between hot saws shall not exceed 30 feet 6 inches for a 30-foot 
rail, or a proportionate distance for other lengths. 

(c) Solidity of steel can be insured only by careful inspec- 
tion throughout the process of manufacture, especially as regards 
cropping. 

(d) Suitable chemical composition is essential to the best 
service results. For go-pound rails we prefer about the following, 
with the ordinary rolling practice: 


Carbone taeac cs pa cere cs astra acne 0.60 to 0.65 per cent. 
Phosphorus; below. oseseane eae essen = 0.06 2H 
Sulphur, PelOwies sce eee eere lea 0.07 fe 
Wlanpanesesuh-Leeee bit ete sees 0.90 to 1.30 a 


‘P. H. DupLtey.—During the past year drop tests have been 
made of the physical properties of steel for rails which were rolled 
colder than the usual practice. The chemical composition averaged 
carbon 0.53 per cent., manganese about 1 per cent., silicon, sulphur 
and phosphorus, 0.06 to 0.07 per cent. The microstructure in the 
center of the head ranged from 7,000 granulations per square inch 
to 10,000 incomplete granulations, classed as non-granular. Under 
drop tests of 40,000 foot-pounds, supports 3-feet centers, the per- 
manent sets ranged from 2.25 to 2.5 inches. Only every fifth heat 
was tested, the variation in results being marked. The butts 
were from the middle of the ingot. In the 5 4-inch 80-pound 
rails, Dudley section, which have not taken a set in the track 


Mr. Job. 


Mr. Dudley. 


Mr. Dudley. 
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under driving-wheel axle loads of 45,000 to 48,000 pounds, their 
requisite physical properties gave only a permanent set for the 
drop test mentioned of 1.55 inches. This is considered the 
standard for that section, having elastic limits of 55,000 to 60,000 
pounds. The average speed of the through trains passing over 
the rails is approximately sixty miles per hour, while maximum 
speeds of eighty and ninety miles are daily occurrences. A re- 
duction of the elastic limits in the steel for a permanent set of 
2.25 inches or more in the colder rolled rails is so much that it 
is certain that sets will develop in the rails in the track, under 
service. The chemical composition was adjusted to reduce the 
permanent sets of the drop test under 2 inches. 

The granulations in the microstructure ranged about 6,000 
per square inch in the colder rolled rails. The metal was tough, 
not a single butt breaking under the drop. The rails were under- 
cambered slightly in the straightening presses, and were gagged 
principally on the base. They finished smooth, without traces 
of undulations on the head. When the rails were laid in the 
track, their excellent surface attracted attention at once by ob- 
servers, and the smooth riding of the coaches in contrast with 
another brand of rails, rolled cold, out of steel of lower physical 
properties. 

Some of these rails have been made into frogs and switches, 
for comparisons of wear with other steel of lower grades. Rails 
rolled of the chemical composition recommended by the Society, 
and manufactured into frogs and switches, have been in service 
under heavy traffic, in comparison with frogs and switches made 
from steel according to the chemical composition I have advo- 
cated for some years. The results so far are in favor decidedly 
of the higher chemical composition and physical properties of 
the steel, the lower grades of steel rendering only one-half to 
two-thirds as long service under the same wheel loads. 

At the Grand Central Station in New York, where the 
service on the limited tracks exceeds in heavy tonnage any other 
terminal station for steam railroads, the frogs and switches made 
from the high-carbon rails give a service which railroad officials 
using lower grades of steel can hardly credit. Out of several 
hundred switch points, which of necessity must be short (15 feet 
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in length), only four have broken since the 6-inch too-pound 
rails were installed in 1895. I am unable to find elsewhere as 
favorable a record. 

In the manufacture of these high-carbon rails, a drop test 
was made from every heat of steel. The advantages of this, to 
determine quickly the physical properties of the steel, and its 
aid in the manufacture, seem to be practically unknown. They 
can be made so quickly, accurately, and without preparation of 
the specimens that the manufacture of the steel can be followed 
within five to six hours after its conversion. The permanent 
set of the specimens is the measure of the combined mechanical 
and physical properties of the section. The first are known, 
which enables the second to be determined approximately in a 
moment, for the purposes of manufacture and inspection, for the: 
methods should be quick, and sufficiently accurate to follow the 
product, and not restrict the output. 


Mr. Dudley, 


— . 


SPECIFICATIONS FOR BOILER PLATE, RIVET STEEL, 
STEEL CASTINGS AND STEEL FORGINGS, 


RECOMMENDED BY A COMMITTEE OF THE AMERICAN Soctetry oF MECHANICAL 
ENGINEERS, H. W. SPANGLER, CHAIRMAN, IN JUNE, 1903.* 


The Committee to which was referred the question of specifications for boiler 
plate, rivet steel, steel castings and steel forgings reports that it has used the 
specifications prepared by the enlarged American Branch of Committee No. r of 
the International Association for Testing Materials} of which Mr. Wm. R. Webster 
is Chairman, as the basis of its work, and the changes hereafter noted are recom- 
mended in these specifications. 

t. That the maximum sulphur in flange or boiler steel be reduced from 0.05 
to 0.04. 

2. That the tensile strength be specified as stated in the table with an allow- 
able variation of 5,000 pounds. That fire-box steel be specified at 55,000 pounds 
instead of 57,000 pounds per square inch. That the determination of the yield 
point for ordinary grades be omitted. : 

3. The tensile strength of castings has been modified, the specified value desired 
being stated, and the variation, 5,000 pounds, being allowed. The values, as 
recommended by Committee No. 1, and by this Committee, are as follows:— 


Com, No, r’s Recommended by 

Minimum, Committee, 
Ole sons Secale a6 ow Wait 60,000 60,000 + 5,000 
MECH cn oe oak ean ae 70,000 70,000 = 5,000 
1s OG bat ers RRS oe $5,000 $0,000 + 5,000 


4. The elongation in 8 inches is stated instead of in 2 inches, and an increase 
in elongation of 25 per cent. is called for on the a-inch specimen. 
For a 2-inch specimen from castings the corresponding elongations are: 


Recommended by this 


Com, No, 1, Committee. 
NOIbc tna cases omens wars 22 per cent. 20 per cent. 
Mediums... css cn tae x8 per cent. | 29.5 per.cent. 
Hardsc stan ccees ces TS percent. | TS percent. 


5. That the 8-inch specimen be made the standard specimen and the 2-inch 
be used only when it is inconvenient to use the S-inch. 


* This report was made, subject to revision, by a committee consisting of Messrs. 
H. W. Spangler, Edwin S. Cramp, William Kent, George S. Morison and Arthur 
M. Waitt. It was reported to the Society at the Delaware Water Gap meeting 
by Mr. William Kent. 

+ Now designated Committee “A” of the American Society for Testing Materials, 
on “ Standard Specifications for Iron and Steel.” 
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6. That nickel-steel forgings and oil-tempered forgings be not included in this 
specification, because the present state of the art does not warrant general specifi- 
cations being drawn for these materials. 

7. That for soft or low carbon steel forgings the chemical requirements be 
not over 0.06 phosphorus, and 0.05 sulphur, instead of 0.10 phosphorus and 0.10 
carbon. 

8. That for ‘carbon steel not annealed” the term “medium steel’? be used, 
and that the sulphur be reduced from_.o.06 to 0.05 per cent. 

9. That, wherever it is desirable that the elastic limit be determined, an extenso- 
meter be used, and that the elastic limit be taken as “that point at which the 
elongation in 8 inches per 1,000 pounds of added stress per square inch first ex- 
ceeds four ten-thousandths of an inch.’’* 

to. The remainder of the specifications of Committee No. 1 are recommended 
for adoption, and are here re-arranged. 


STANDARD SPECIFICATIONS FOR STEEL BOILER PLATE, RIVETS, CASTINGS AND 
FORGINGS. 


Process of Manujacture. 


Boiler Plate and Rivet Steel shall be made by the open-hearth process. 

Castings and Forgings are to be made by the open-hearth, crucible, or Bessemer 
process. 

Castings are to be annealed or unannealed as specified. 


Tensile Tests. 
Test Piece—The standard test specimen shall be eight inches (8) gaged 
length. The standard ae is shown in Fig. 1. 


MM. PARALLEL SECTION 

NOT LESS THAN 9" 228. 2 a 

7 $e 3 

j & = 
Sed lena : 
8 

| | 
7 Rie ba } 


7 / MM. MM, 
sol | l | MM, 25.40 To 76.20 Rap. 
70 b> — .40 
12 i i i | 25 } 
> -—— . - —_ 35" are a eee, 
oe Special Committee 


Width of specimen along the parallel section shall be 14 inches, whenever possible, 
Thickness of specimen shall be $-inch or over, whenever possible. 


* The “apparent elastic limit,” suggested by Prof. J. B. Johnson and re-stated 
by Kent in Transactions of Mining Engineers, 1903. 

t+ Acknowledgment is made to the American Society of Mechanical Engineers 
for the cuts used in this paper. 
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Plaies—Two opposite sides shall be the rolled surfaces if not over Z-inch thick. 

Riveis—Rivet rounds and small rolled bars shall be tested full-size as rolled 

Castings and Forgings—Specimen may be planed parallel-sided or tumed 
parallel for not less than 9 inches in length, the smallest dimension being 4-inch, 
if possible. i 

When it is inconvenient jo use the standard test specimen the specimen may 
be made as shown in Fig. 2. In every such specimen the elongation in two 
nches will be 25 per cent. greater than that specified for the standard specimen. 


Number of Test Specimens. 


If a tensile specimen develops flaws or breaks outside the middle third of its 
gaged length, another may be substituted. 


Plates—One from each plate as it is rolled. 

Rivet Rounds—Two from each melt. 

Castings and Forgings—Depending upon the character and importance of 
the piece. 


Location of Test Specimens. 


Castings—aA test piece shall be cut cold from a coupon to be molded and cast 
on some portion of one or more castings from each melt or blow, or from the sink- 
heads (in case heads of sufficient size are used). The coupon or sink-head must 
receive the same treatment as the casting or castings before the specimen is cut 
out, and before the coupon or sink-head is removed from the casting. 

Forgings—The test specimen shall be cut cold from the forging or full-sized 
prolongation of the same parallel to the axis of the forging and half-way between 
the center and outside, the specimens to be longitudinal—+.e.. the length of the 
specimen to correspond with the direction in which the metal is most drawn out 
or worked. When forgings have large ends or collars, the test specimens shall 
be taken from a prolongation of the same diameier or section as that of the forging 
back of the large end of the collar. In the case of hollow-shafting, either forged 
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or bored, the specimen shall be taken within the finished section prolonged half- 
way between the inner and outer surface of the wall of the forging. 


Bending Tests. 


Bending tests may be made either by pressure or by blows. 

Cold-bending tests are to be made on the material in the condition in which 
it is to be used. For a quenched bending test the specimen shall be heated to a 
light cherry-red as seen in the dark, and quenched in water, the temperature of 
which is between 80° and go° Fahrenheit. 


Test Specimen. 


Plates—One and one-half inches wide, and if $-inch or less in thickness with 
opposite faces rolled. If over ?-inch thick, specimen may be reduced to }-inch. 
Edges are to be milled or planed. 

Rivet Rounds—Tested full-size as rolled. 

Castings and Forgings—Specimen one inch by one-half inch. 


Number of Test Specimens, 


Plates—One cold-bending and one quenched-bending specimen from each 
plate as it is rolled. 

Rivet Rounds—Two cold-bending and two quenched-bending specimens for 
each melt. 


Location of Specimen. 


Castings and Forgings—As specified for tension specimen. 


Chemical Analysis. 


Turnings from tensile specimen, drillings from tensile or bending specimen or 
drillings from small test ingot may be used for chemical analysis. , 

For locomotive fire-box steel check, analysis may be required from the tensile 
specimen of each plate as rolled. 


Drop Test. 


A test to destruction may be substituted for the tensile test, in the case of small 
or unimportant castings, by selecting three castings from a lot. This test shall 
show the material to be ductile and free from injurious defects, and suitable for 
the purposes intended. A lot shall consist of all castings from the same melt or 
blow, annealed in the same furnace charge. 


Percussion Test. 


Large castings are to be suspended and hammered all over. No cracks, flaws 
defects, nor weakness shall appear after such treatment. 
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Homogeneity Test for Fire-box Steel. 


A sample taken from a broken tensile test specimen, shall not show any single 
seam or cavity more than one-fourth inch (4) long in either of the three frac- 
tures obtained as described below. 

A portion of the broken tensile specimen is either nicked with a chisel or grooved 
on a machine, transversely about a sixteenth of an inch (;4’’) deep, in three 
places about two inches (2’’) apart. The first groove should be made on 
one side, two inches (2’”) from the square end of the specimen; the second, 
two inches (2’’) from it on the opposite side; and the third, two inches (2/’) 
from the last, and on the opposite side from it. The test specimen is then put in 
a vice, with the first groove about a quarter of an inch (}”) above the jaws, 
care being taken to hold it firmly. The projecting end of the test specimen is 
then broken off by means of a hammer, a number of light blows being used, and 
the bending being away from the groove. The specimen is broken by the other 
two grooves in the same way. The object of this treatment is to open and render 
visible to the eye any seams due to failure to weld up, or to foreign interposed 
matter, or cavities due to gas bubbles in the ingot. After rupture, one side of 
each fracture is examined, a pocket-lens being used if necessary, and the length 
of the seams and cavities is determined. 


Branding. 


Every finished piece of steel plate shall be stamped with the melt-number, 
and each plate, casting or forging and the coupon or test specimen cut from it, 
shall be stamped with a separate identifying mark or number. Rivet steel may 
be shipped in bundles securely wired together with the melt number on a metal 
tag attached. ‘ 


Variation in Weight. 


The variation in cross-section or weight of more than 24 per cent. from that 
specified will be sufficient cause for rejection, except in the case of sheared plates, 
which will be covered by the following permissible variations: 

Plates 124 pounds per square foot or heavier, up to roo inches wide, when 
ordered to weight, shall not average more than 24 per cent. variation. above or 
2% per cent. below the theoretical weight; when 100 inches wide and over 5 per 
cent. above or 5 per cent. below the theoretical weight. 

Plates under 124 pounds per square foot, when ordered to weight, shall not 
average a greater variation than the following: 

Up to 75 inches wide, 24 per cent. above or 24 per cent. below the theoretical 
weight; 75 inches wide up to roo inches wide, 5 per cent. above or 3 per cent. 
below the theoretical weight; when 100 inches wide and over to per cent. above 
or 3 per cent. below the theoretical weight. 

For all plates ordered to gage, there will be permitted an average excess of 
weight over that corresponding to the dimensions on the order equal in amount 
to that specified in the following table: 
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TABLE OF ALLOWANCES FOR OVERWEIGHT FOR RECTANGULAR PLATES WHEN 
ORDERED TO GAGE, 


Plates will be considered up to gage if measuring not over 7$,-inch less than 
the ordered gage. 
The weight of x cubic inch of rolled steel is assumed to be 0.2833 pound. 


Plates 4-inch and over in Thickness. 


WIDTH OF PLATE, 


Thickness of Plate. Up to 75 inches. 75 to 100 inches. Over 100 inches, 
Inch, Per cent. Per cent, Per cent. 

4 IO 14 18 
as 8 I2 16 
2 4 10 13 
qs 6 8 Io 
2 5 7 9 

¥s 43 63 84 
8 4 8 

Over § 3 5 6 


Plates under }4-inch in Thickness. 


WIDTH OF PLATE. 


(SEE Ee 
Thickness of Plate. Up to 50 inches. 50 inches and above. 
Inch. Per cent. Per cent. 
% up to 3 Io 15 
iy tie Sur 83 12 
3 ‘ 
a 7 10 
Finish. 


All material must have workmanlike finish. 

Plates must be free from injurious surface defects and laminations. 

Castings must be true to pattern, free from blemish, flaws or shrinkage cracks. 
Bearing surfaces shall be solid and no porosity shall be allowed in positions where 
the resistance and value of the castings for the purpose intended will be seriously 
affected thereby. 

Forgings must be free from cracks, flaws, seams or other injurious imperfections, 
and must conform to dimensions. 


Inspection. 


The inspector representing the purchaser shall have all reasonable facilities 
afforded to him by the manufacturer to satisfy him that the finished material is 
furnished in accordance with these specifications. All tests and inspections shall 
be made at the place of manufacture, prior to shipment. 

Respectfully submitted, 
H. W. SPANGLER, Chairman. 
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CHEMICAL PROPERTIES. 


| 
PHYSICAL PROPERTIES.) BENDING. 
} 


CoA eS 
| | Tensile AB] laa! sil mr 
STEEL, Phos- (Sulphur) wanga. |, strength, | 88 88 oye | te 
phorus | (not | niece lbs. persq.in.| -5 Phi ERY 3 5 
(not over), over), CeCe (Allowable | 2/20) 68 Ee 
percent. | percent. Pp $ variation, Boreas a q By 
+ 5,000 Ibs.) | 2g | So Rs 
gg” \9a 
BOILER PLATE 
& RIVET: | 
Extra soft. . - 0.04 | 0.04 |0.30t00.50| 60,000 28T |...| Flat.| 180 
Fire box. . aan oe }o.04 0.30t00.50| 55,000 | 267 |...| Flat.| 180 
,0. 
aren 
eh oe a Bact, oro bo.og 0.30t00.60| 60,000 251 |...| Flat.| 180 
FORGINGS: 
Sqipeoador 0.06 CHO! WSnearsaan 60,000 22 | 35 "| 180 
Medium. . 0.06 Pye toes nara n 70,000 16 | 30| 14’ | 180 
High sets... 0.04 OLOAR Neer. pata 80,o00* | 18 | 35| 1” | 180 
Castincs. (When physical requirements are not specified,carbon must be less 
than 40 per cent, and phosphorus less than 0.08 per cent.): 
SOltaenss see Ol05) = | 0105) Wl Emeeste see 60,000 16 | 30| 1!) \120 
Medium....| 0.05 OLO Be iileetersie reac 70,000 LAY 25) ek go 
Hard a... 0.05 OiOse ee eestor 80,000 ©2) \ 2Olnememectet 


* For carbon steel, to be annealed and having no diameter nor thickness greater 
than ro inches, allow a reduction of 1,000 pounds for each additional inch in 
diameter or in thickness of section. 

+ For material over }-inch thick deduct 1 per cent. for each }-inch excess. For 
material under ;,-inch thick deduct 2} per cent. for each +;-inch decrease. 


DISCUSSION. 


Witi1aAm Kent.—The committee appointed by the American 
Society of Mechanical Engineers to prepare these specifications 
consisted of Messrs. H. W. Spangler, Edwin 5. Cramp, George 


.§. Morison, Arthur M. Waitt, and myself, and our work is chiefly 


a matter of suggestion to the committees of this Society and not 
in any way final. With regard to the recommendation concerning 
the yield-point, we refer to the clause in the specifications adopted 
by this Society, which states that the elastic limit shall not be less 
than one-half of the ultimate strength. It has become the custom 


Mr. Kent. 


to use this specification, with the result that no steel is ever rejected 


on account of the elastic limit, that is to say, all steel that would 
pass the specifications as to tensile strength and elongation would 
necessarily very easily pass the specification as to elastic limit, 
and therefore we left this out. The American Railway Engi- 
neering and Maintenance of Way Association has done the same 
thing in its recently adopted specifications for iron and _ steel 
structures. 

Witit1am R. Wesster.—The specifications adopted by this 
Society represent the result of a great deal of careful study during 
the last three or four years, and before making any changes in these 
specifications we should be certain that there are good and suffi- 
cient reasons for doing so. Other societies and committees have 
been considering our specifications and are now presenting to us 
the results of their study. This will give us opportunities of 
conferring with them as to the various changes proposed. We may 
convince them that these changes are not desirable. On the 
other hand, they may convince us that they are. This Society 
should consider itself a sort of clearing-house in which such 
matters may be fully discussed and settled. 

Tue PREsIDENT.—One point has occurred to me on which I 
should like to say a word, namely, that all our studies of the use 
of metal subjected more or less to stress is leading us to the idea 


Mr. Webster. 


The President. 


The President, 


Mr. Kent, 


Mr. Huston. 
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that rather harder steel is desirable. In our latest revision of our 
boiler-plate specifications the tensile strength and the carbon of 
the fire-box steel was increased. Our former specifications were 
from 50,000 to 60,000 pounds tensile- strength, and the carbon 
about 0.12 to 0.14 per cent. Our present specifications are from 
55,000 to 65,000 pounds tensile strength, with a minimum of 
0.15 per cent. carbon, and a maximum of 0.25 per cent. carbon. 
Again, the same thing can be said with regard to axles. The 
original axles were about 65,000 pounds tensile strength with 
carbon of from 0.20 to 0.28 per cent. At present the axles are 
from 72,000 to 75,000 pounds tensile strength, with a minimum of 
.35 per cent. carbon, and even this strength in axles does not 
satisfy us. We want a harder steel than we are at present getting. 
Mr. Kent.—With regard to what the President has said 
about the fire-box steel, the specification for fire-box steel came 
originally from the Pennsylvania Railroad Company about twenty 
years ago. The very name of fire-box steel was due to the fact 
that the Pennsylvania Railroad Company wanted a softer steel 
than other people were willing to provide for boilers. I under- 
stand the steel they now use is the same as is called flange or 
boiler steel in the Committee’s report, that is, of 60,c00 pounds 
average tensile strength. In the old days it was necessary to get 
an exceedingly soft steel for fire-box steel for the Pennsylvania 
Railroad for the reason that with harder steel the fire-box would 
crack. Now it seems the makers have gotten over that trouble 
of cracking fire-boxes because they allow less phosphorus, and for 
that reason they can have more carbon and a harder steel. The 
cracking used to be such a serious thing that users were willing 
to stand troubles in abrasion and with staybolts rather than submit 
to cracking. 
CHARLES L. Huston.—From our observations on material 
which had given out in locomotive fire-box service, we concluded 
that a harder grade of steel than was generally used was desirable 
under certain conditions. *We have noticed a tendency to bulging 
inward between staybolts owing to the material being too soft to 
resist the pressure. The plates sometimes looked almost like 
tufted cushions. The effect of that, with variations of pressure 
in the boiler, was to start a series of star-like cracks from staybolt 
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to staybolt. This, together with other considerations, lead us to 
conclude that a little harder steel, say of about 60,000 pounds, was 
generally advisable, and we announced this in a little handbook 
that our company put out. I am glad to see that this is being 
corroborated by actual experience. 

This does not, however, apply to flanged work in general, 
nor to marine and alee boilers fired internally. Such boilers, in 
which the material is thicker, would be better able to resist the 
staybolt action than locomotive boilers. 

The tendency to make a sort of omnibus specification covering 
shell plates and flanging work in general does not seem to me a 
very wise thing. If the steel is a little softer it can be more easily 
flanged by hand-work. Of course, some large establishments are 
equipped with hydraulic presses and a large number of standard 
dies, so that they can do a good deal of their work by power. 
In that case the softness of the steel is not so essential; but where 
flanging is done by hand-work, or where it would be practically 
impossible to keep a sufficient number of dies on hand for the 
variety of shapes, it is desirable for the steel to be a little softer. 
It seems to me that such material would meet other requirements 
just as well in many cases. As plate manufacturers, we should 
like to see plates used having a tensile strength as low as 50,000 
pounds. In all our observation on material of that character used 
for the purposes just named, we have never known of any failure 
or complaint and we advocate the continuance of that practice. 

The tendency among engineers to restrict sulphur to more 
and more narrow limits does not seem to me to be sufficiently 
justified. Ihave never been able to obtain any evidence that sul- 
phur within reasonable limits, say to even seven or eight points, 
was any detriment to mild steel when cold, only affecting the work- 
ability of the metal when hot; so that for material to be worked 
cold the buyer has no need to restrict sulphur. By doing so he 
throws an unnecessary burden and expense on the manufacturer, 
Such excessive requirements are especially severe on Eastern 
manufacturers, and, by tending to restrict competition, are against 
the interest of the consumer. 

Although the action has already been taken, and it is probably 
too late to discuss the question of a single grade of structural steel, 


Mr, Huston. 


Mr. Huston. 


Mr. Kinkead. 
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yet I want to say that a 10,000 pounds limit—55,c00 to 65,000. 
pounds tensile strength—is a little harder on some of the manufac- 
turers of plate steel. Now, in structural steel, for which one size 
of ingots is used for practically everything, the ingots for the dif- 
ferent grades can be sorted; but in plate steel, even where it passes 
through a slabbing mill, the ingots are made either small or large, 
according to whether the material is to be thin or thick, or small or _ 
large pieces are to be rolled; so that material which is made, say in 
suitable-sized ingots, for thinner plates, if it should be a little high 
in carbon, would be rendered useless for thicker plates, because 
the ingots made for the small pieces are too small for large pieces. 
At the same time, the carbon being too high, it cannot be used 
for the smaller pieces. Such requirements are really restricting 
the freedom of competition of some classes of manufacturers. 
At the same time I want to encourage everything that will tend 
toward good material; because then those who make good ma- 
terial will get better consideration. 

J. C. Kinxeap.—Regarding the bulging of fire-box ee 
between staybolts, referred to by Mr. Huston, a member of this 
Society made a rather interesting test by taking a plate about 
twelve inches square, heating it red hot, suspending it by one 
comer, and then squirting cold water on it. By repeated applica- 
tions the plate was drawn out somewhat in the shape of a Panama 
hat. Almost everyone when asked which way the plate had bent 
thought it had bent away from the water, on account of the contrac- 
tion on that side; but the fact is it had bent toward the stream. 

Another member of this Society rigged up a sort of fire-box 
by taking a boiler plate, and with the usual arrangement of stay- 
bolts fastened a fire-box plate to it. The sheets, which were about 
fourteen or sixteen inches square, were put in the usual position. 
This was heated to a red heat and cold water was turned against 
the fire-box plate on the inside, just as would be done in washing 
out a boiler. It did not take many applications of water to bulge 
the plate, as is often noticed in fire-box plates after they have 
been in service, and cracks connecting the staybolts also developed. 
The question arises whether this is due to the quality of the steel 
or to the treatment that the steel receives in the boilers. The 
gentleman who made this test inclined to the latter view. 
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M. H. Wicxnorst.—I have had to investigate a good many 
failures of fire-boxes, and they can be divided into two distinct 
classes. First, we have corrugated, bulged-out fire-box sheets. In 
the “ wild West” we call them tumored. This condition is always 
accompanied by cracks radiating out from the staybolts. Such 
fire-boxes do not give any trouble by sudden failure, but there is 
a gradual, detailed failure. The cracks continue to widen out 
until they allow water to escape and have to be plugged up. On 
the other hand, we have failures of fire-boxes by sudden rupture, in 
which the rest of the sheet is apparently in good condition. Chem- 
ical analysis shows that the detailed failures have always been 
with a low-carbon material, that is, below or possibly a little above 
0.15 per cent.; while the other failures have practically always 
occurred with a harder material, containing from about 0.25 per 
cent. to 0.35 per cent. carbon. We seem to be confined, therefore, 
to a material of the grade generally used, containing between 0.15 
per cent. and 0.25 per cent. carbon, and having an average tensile 
strength of about 60,000 pounds per square inch. It seems to me 
that when we shall have learned to take care of engines, and par- 
ticularly fire-boxes, intelligently, to eliminate scale and mud, to wash 
and blow out properly, to provide efficient ‘circulation, etc., we 
shall probably be able to use a harder material with entire safety. 
At present we dare not go above about 0.25 per cent. carbon, and 
on the Chicago, Burlington and Quincy Railway we have been 
trying to adhere pretty closely to a steel of about 60,000 pounds’ 
tensile strength. I should not recommend a steel of as low an 
average as 55,000 pounds. 

JoserH RoyaLt.—On the Imperial Railroad of Japan we had 
a number of locomotives that failed, owing to the cracking of the 
side-sheets and flanges. These failures fell heavily on the manu- 
facturers of the locomotives, since they were struck off the approved 
list of manufacturers. In order to locate the trouble, they went 
to the expense of having a damaged fire-box cut out and shipped 
to America, together with samples of the water used. 

A committee, consisting of an expert consulting engineer, an 
expert chemist, representatives from the makers of the steel, from 
the builders of the engines and from the consulting engineer and 
inspector, were appointed to impartially consider the matter, and, 
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if possible, to determine the cause of the failure. Physical tests 
and analyses were made from pieces cut from the damaged fire- 
box, and numerous inspections and photographs were made to 
aid in the determination of the cause. About thirty gallons of 
water, taken from the different divisions of the road, and shipped 
over in sample demijohns, were also analyzed. 

The fire-box sheets had pitted on the inside in numerous 
places, not only around and near the staybolts, but between the ~— 
staybolts in large patches, an inch and a quarter in diameter and 
one-quarter of an inch deep in some cases, and the fire-boxes failed _ 
in longitudinal cracks and on the flanges. 

We were unable, however, to determine the actual cause, and 
the matter was referred to the expert consulting engincer. His 
report to the committee was, in brief, that the failure was probably 
due to the water and bad handling of the boxes. 

This resulted in the adoption on the part of the Imperial Gov- 
ernment Railroad of a specification calling for a tensile strength 
of 58,000 to 64,000 pounds per square inch for fire-box steel, and 
requiring all flanges, except the throat sheet, to be made in one 
heat and one operation, with a hydraulic power flanging press. 
That feature is one that might well be considered by our Com- 
mittee on Specifications, as it is a very recent requirement of 
foreign specifications and one that our manufacturers are not 
fully equipped to meet. I know of one instance where the specifi- 
cations required the sheets to be flanged in one heat and one opera- 
tion with a power press; and the persons who received the contract 
were unable to comply with the same, and we were obliged to 
permit them to flange in the old way. 

W. M. Parxs.—The Bureau of Steam Engineering of the 
Navy Department requires, for the flange part of the old-fashioned 
tank boilers, plates of 60,000 to 70,000 pounds tensile strength. 
For the new water-tube boilers, with drums, say thirty-cight to 
forty-two inches in diameter, the same material is required for the 
flanged ends. There we have to flange not only to join the cylin- 
drical part of the drum, but also to form the seating of the man- 
hole plates. This double flanging is quite a severe test for the 
material. 
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THE MANUFACTURERS’ STANDARD SPECIFICATIONS. 


As Revised February 6, 1903, and Their Comparison with Other 
Recent Prominent Specifications. 


By ALBerT LADD COLBY. 


The first successful effort in America to standardize specifi- 
cations for steel was made in August, 1895, by the Association of 
American Steel Manufacturers, a technical organization formed to 
discuss matters pertaining to the manufacture and use of steel. 
These specifications the Steel Association revised on July 17, 1896, 
and again on October 23, 1896. They included specifications for 
structural steel for buildings, bridges, and ships, special open- 
hearth plate and rivet steel, and structural cast iron. 

Although these specifications were at first criticised and 
referred to by the technical press and by some engineers as 
““Manufacturers’ Standards,” they nevertheless grew in favor 
among consumers when it was found that just as good steel was 
furnished as when using specifications containing many additional 
tests and requirements unnecessary in the present state of the art 
of making steel. The customer also soon appreciated that these 
standard specifications secured closer competition and more 
prompt deliveries. : 

At the meeting of the Association of American Steel Manu- 
facturers, held in Pittsburg on February 6, 1903, the practical 
value of these standard specifications was commented ‘on, and 
the advisability of their revision was discussed. The then recent 
suggestion of Mr. Snow’s Committee on Specifications for Iron 
and Steel Structures of the American Railway Engineering and 
Maintenance of Way Association, as to the advisability of adopting 
one grade of rolled steel for all structural purposes, except rivets, 
was seriously considered, as well as their suggestion that the 
percentage of elongation be made a factor of the ultimate strength. 
Attention was called to the fact that if a general revision of the 
Manufacturers’ Standard Specifications was contemplated it 
should include the Revised Schedule of Standard Permissible 
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Variations in the Weight of Sheared Plates, as revised by the 
Steel Association on April 19, 1902. The detailed discussion of 
each paragraph of the Manufacturers’ Standard Specifications of 
October 23, 1896, was followed by the appointment of a com- 
mittee representing all interests, who were instructed to incor- 
porate the changes suggested at the meeting and thoroughly revise 
the Manufacturers’ Standard Specifications. Their report has 
since been submitted and approved by a letter ballot of the 
following steel companies, members of the Association of American 
Steel Manufacturers: 

American Iron and Steel Manufacturing Company, American 
Steel and Wire Company, American Steel Hoop Company, Beth- 
lehem Steel Company, Cambria Steel Company, Carbon Steel 
Company, Carnegie Steel Company, Central Iron and Steel Com- 
pany, The Colorado Fuel and Iron Company, Crucible Steel 
Company of America, The Diamond State Steel Company, Glas- 
gow Iron Company, Illinois Steel Company, Inland Steel Com- 
pany, Jones & Laughlin Steel Company, Lackawanna Steel 
Company, The Lorain Steel Company, Lukens Iron and Steel 
Company, Maryland Steel Company, National Steel Company, 
National Tube Company, The Otis Steel Company, Ltd., Passaic 
Steel Company, The Pennsylvania Steel Company, Pittsburg Forge 
and Iron Company, Reading Iron Company, Republic Iron and 
Steel Company, A. & P. Roberts Company, Shelby Steel Tube 
Company, The Standard Steel Works, ‘Tennessee Coal, Iron and 
Railroad Company, Tidewater Steel Company, Worth Brothers 
Company. 

The revised ‘‘ Manufacturers’ Standard Specifications” recom- 
mend one grade of steel for railway bridges, except rivets, of a 
tensile strength of 55,000 to 65,000 pounds, and a steel of this 
same range in tensile strength for flange or boiler steel. 

In structural steel they make the required elongation for 
usual thicknesses a factor of the ultimate strength, determined 
by dividing 1,400,000 by the ultimate strength. ‘The Railway 
Committee use 1,500,000. For a range in tensile of 55,000 to 
65,000 the manufacturers therefore specify 25.5 per cent. and 21.5 
per cent., respectively, whereas the Railway Committee require 
27.3 per cent. and 23.1 per cent. 
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The prompt adoption by the Steel Manufacturers’ Associa- 
tion of the recommendations of the Railway Committee, even 
before the latter Committee had submitted its report to its Asso- 
ciation, forms an important practical advance in the standardi- 
zation of steel specifications. It means that in place of the existing 
range of from 52,000 to 70,000 pounds, the manufacturers will 
now be required to furnish all steel for general structural purposes 
within 55,000 to 65,000 pounds, a range of only 10,000 pounds 
per square inch. This will necessitate more care in both melting 
and rolling, and will result in a more uniform product than 
furnished under existing specifications. 

Before the Railway Committee had reached the above deci- 
sion, the American Bridge Company had issued specifications for 
structural steel for buildings, calling for a steel of 55,000 to 65,000 
pounds, with 24 per cent. elongation, which values have since 
been adopted by the Bureau of Docks and Yards of the United 
States Navy. The writer has been informed by Mr. C. C. Schnei- 
der, of the American Bridge Company, who is also a member of 
the Railway Committee, that his company heartily indorses the 
action of the Railway Committee, in adopting a steel of this same 
range in tensile strength for railway bridges, but that until pending 
questions in reference to unit stress and the impact formula, etc., 
are decided, his company will not revise their present specifications 
for railway bridges, but that when such revision is made, a steel 
of 55,000 to 65,000 pounds will be specified. 

Table I. gives a comparison of the physical and chemical 
properties called for in six important specifications for structural 
steels, including the revised specifications just issued by the Asso- 
ciation of American Steel Manufacturers, their former specifica- 
tions of October 23, 1896, the standard specifications adopted by 
the American Society for Testing Materials, on August 10, 1901, 
the American Railway Engineering and Maintenance of Way 
Association specifications of March, 1903, and the American 
Bridge Company’s specifications now in force. 

The requirements other than the chemical and _ physical 
properties included in the specifications were not included in 
the table, as they can be more conveniently compared as 
follows: 
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Form of Test Speciomens.—The first five specifications included 
in Table I. specify the form of test specimen for determining the 
tensile tests of sheared plates, shown in the accompanying cut, 
allow parallel specimens when necessary, and specify that rivet 
rounds shall be tested of full size as rolled. The American Bridge 
Company’s specifications state that the tensile strength, etc., “shall 
be determined from a standard test piece cut from the finished 
material, of at least 4-inch square section.” 

Marking, Finish, and Annealed Material—The first five 
specifications state that the finished material must be stamped 
with the heat number and that it shall be “free from injurious 
seams, flaws, or cracks and have a workmanlike finish.” The 
Railway Specifications add after the word “cracks” the words 
“or defective edges.”’ The American Bridge Company specify 
that the “finished bars, plates, and shapes must be free from 
injurious seams, flaws, or cracks, and have a clean, smooth finish.” 
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All six specifications state that if the finished material is to 
be annealed, the test specimen must receive the same treatment 
before testing. 

Allowable Variations in Weight.—The Railway Committee 
have adopted the standard permissible variations in the weight of 
sheared plates, as revised by the Association of American Steel 
Manufacturers on April 19, 1902, and which is given in full in 
the text of the revised Manufacturers’ Standard Specifications 
printed herewith. 

The two A. S. T. M. Standard Specifications contain an older 
edition of this same table. The American Bridge Company 
specification simply states that ‘A variation in cross-section or 
weight of rolled material of more than 24 per cent. from that 
specified may be cause for rejection.” 


PHYSICAL PROPERTIES. 


Rivet Steel : 
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Elastic limit . i , 


Elongation in 8” 
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Steel for Railway Bridges : 
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Medium Steel : 
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CHEMICAL PROPERTIES. 
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Tests of Full-sized Eye-bars.—It will be noticed that the 
revised Manufacturers’ Standard Specifications printed herewith 
omit the paragraph contained in the former edition of October 
23, 1896, covering specified requirements on full-sized tests of 
steel eye-bars. The Manufacturers’ Committee_purposely omitted 
this paragraph in revising the specifications, because they con- 
sidered it an injustice to hold the steel-maker responsible after 
his eye-bar material had been forged and annealed at the bridge 
shop. 

Samples for Chemical Analysis.—The Railway Committee 
requires the manufacturer to furnish his analysis on drillings from 
the test ingot taken when pouring each melt of steel. They 
provide that check analyses shall be made from finished material 
if called for, in which case an excess of 25 per cent. above the 
required limits will be allowed. This is fair to both interests 7/ 
the check analyses are made on the tensile test specimens, but if 
the inspector has the right to take his sample at any position from 
the plate, for instance drillings from the central top part of a plate 
coming from the top part of an ingot, a higher variation in phos- 
phorus, and especially in sulphur, than 25 per cent. from the heat 
analysis might be found. 

Open-hearth Plate and Rivet Steel—In Table II. a comparison 
is given of the physical and chemical properties specified for 
special open-hearth plate and rivet steel, including extra soft steel, 
fire-box steel, flange or boiler steel, and boiler rivet steel. 

For these steels the table shows a comparison of the two 
editions of the Specifications of the Steel Manufacturers, with the 
A. S. T. M. Standard Specifications of August 10, 1901. 

The chief point to be noted in this comparison is that the 
steel manufacturers have agreed on a steel for boilers of the same 
range in ultimate strength, 55,000 to 65,000 pounds, as specified 
for railway bridges. 
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TABLE II.—CoMPARISON OF THE PHYSICAL AND CHEMICAL PROPER- 
TIES SPECIFIED FOR OPEN-HEARTH PLATE AND RIVET STEEL. 
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THE REQUIREMENTS FOR STRUCTURAL STEEL FOR 
SHIP-BUILDING PURPOSES. 


ToprcaL DISCUSSION. 


E. Pratr Stratron.—The character of material entering into 
all steel and iron ship construction in this as in other maritime 
countries is regulated by the Classification Societies of such coun- 
tries, wlrich are the organizations created for the supervision and 
certification of the characterand structural condition of all merchant 
craft, under advisory committees, for the guidance of marine under- 
writers, ship-owners, bankers, and merchants, all of whom, either 
at the time of a vessel’s construction or ultimately, become the real 
parties in interest not only in the ships themselves, but in their 
cargoes as well, the value of which often amounts in a single year 
to from, fifty to seventy-five times the value of the ship or vessel 
transporting such cargoes; hence it is that the insurable values of 
such heterogeneous masses of valuable cargo always control 
directly or indirectly primarily the construction, and secondarily 
the classification of all merchant shipping in this and other 
countries. 

The rules of the American Bureau of Shipping, under whose 
Rules and Classification a very large majority of all American 
vessels are built and classed, require that all steel plates, angles, 
and shapes shall have a tensile strength of from 58,000 to 68,000 
pounds per square inch of section and an elastic limit of one-half 
the ultimate tensile strength, and a reduction of area at the point 
of fracture of at least 4o per cent., and an elongation of 22 per 
cent. in 8 inches for plates 18 pounds thick and over, and 18 per 
cent. for plates under 18 pounds thick. Material of greater ultimate 
tensile strength than 68,000 pounds per square inch and not above 
70,000 pounds per square inch may be accepted, provided the 
elongation and reduction are as specified and the bending tests 
meet the requirements. Shapes and angles in excess of 68,000 
pounds tensile strength per square inch must also be capable 
of being efficiently welded. Bending specimens for all material 
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must stand bending through 180 degrees on a radius of one- 
half its thickness without fracture on convex side, either cold 
or after being heated to cherry red, and quenching in water at 
80° F. 

In view of the foregoing requirements and years of experience 
therewith connected, I believe the facts fully justify the statement 
that a large majority of all the ship material manufactured in this 
country comes and will continue to come within the limit or 
standard of from 55,000 to 65,000 pounds, as adopted by the 
American Railway Engineering and Maintenance of Way Asso- 
ciation. Ship plates ranging from 58,000 to 62,000° pounds 
insures a material sufficiently hard to meet the requirements 
under all of the conditions incident to its use in any portion of a 
ship’s hull, not excepting the higher or greater stresses common 
to the shear, bilge, and garboard strakes, while 55,000 to 58,000 
pounds material will insure a most satisfactory result in angles, 
bulbs, and shapes generally, and particularly where the conditions 
require heating and shaping of such material over the anvil or 
otherwise. With such facts before us it is safe to assume that 
there is no mechanical or architectural structure of modern times 
that appeals more strongly to us for a standard specification than 
material entering into the construction of hulls of all merchant 
vessels, whether of the sea-going, lake, bay, or river types. 

As early as 1885 the chief classification society of Great 
Britain permitted a reduction of 20 per cent. in the scantlings 
entering into the construction of steel vessels from that adopted 
for vessels of iron, and they fixed the required tensile strength of 
steel at 28 to 32 tons, or 62,720 pounds, as a minimum and 71,680 
pounds as a maximum, the elongation required being 16 per cent. 
in 8 inches, and these requirements are still maintained in England 
with the single exception that the required elongation has been 
increased to 20 per cent. in 8 inches. Eighteen years of experience 
there has probably established the fact that these requirements 
are the best that can be arrived at in a country where their ore 
is of a low grade and where any improvement in the product has 


“to be reached by compounding with a better and more expensive 


quality of ore imported chiefly from Spain; hence it is fair to 
assume that a steel of 62,000 to about 72,000 pounds can be most 


DISCUSSION ON STEEL FOR SHIP—BUILDING. 103 


advantageously produced under the conditions that control locally 
in England, and without reference to the richer and more plentiful 
ores of America. 

H. G. Grrmor.—The Bureau of Construction and Repair 
of the United States Navy Department, with which I am connected, 
is responsible for everything in connection with the hulls of vessels 
built forthe United States Navy. It has, for a number of years, 
maintained a system of inspection, whereby an accurate record of 
the physical and chemical properties of each piece entering into 
the construction of every vessel built for the United States Navy 
is kept in such a form that at any time any piece can be located and 
the records as to its properties at the time that it was inspected 
ascertained. 

In preparing the specifications for hull material, it was felt 
necessary to provide for at least three things: 

1. The strength required in the ship’s structure to meet the 
conditions met at sea. 

2. The properties necessary in order to permit the material 
to be successfully manipulated during the construction of the 
vessel. 

3. The properties desirable to limit the injuries caused by such 
casualties as grounding, etc., to which seagoing vessels are liable. 
The first specifications drawn for shapes and plates required 
a tensile strength of about 60,000 pounds. This 60,000 pounds 
tensile strength requirement has been adhered to practically con- 
stantly for plates, and about the same requirement for shapes, with 
a preference in the case of shapes for going above rather than under 
60,000 pounds. 

The result of our experience with material of these require- 
ments has shown that plates and shapes of about 60,000 pounds 
tensile strength are very satisfactory, all things being considered. 
In very few cases have failures occurred in working during con- 
struction, and in all such cases of failure the record of the material 
has been investigated and its physical and chemical properties 
ascertained, with the conclusion generally that the material failed 
through improper working or through accidental causes not attrib- 
utable to the characteristics of the material. The conclusion is 
that adherence to the specifications at present in force will give a 
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material which will work properly during construction of the ship, 
giving a minimum of failures in working, and, at the same time, 
insure suitable strength on moderate scantlings in the finished 
ship. A uniform specification, permitting material from 55,000 
to 65,000 pounds tensile strength, might be equally satisfactory for 
the purpose, but the experience of the Bureau of Construction and 
Repair has led them to specify a minimum of 57,000 pounds’ tensile 
strength. What the effect of a further reduction in this minimum 
to that proposed by the Committee would have on the suitability 
of material for all purposes could be ascertained definitely only 
after the modified requirements had been in operation for a con- 
siderable time. In view of the eminently satisfactory results 
obtained under the present limits fixed by the specifications for 
such material, the Navy Department would probably be reluctant 
to make a change altering these limits until it could be shown 
conclusively that such alterations in the limits would have no 
attendant deleterious effect upon the quality of the material sup- 
plied. 
The Bureau of Construction and Repair would probably 
differ considerably from the Committee upon the question of 
uniform specifications on rivet steel. We have at times in the 
past specified as much as 60,000 pounds per square inch tensile 
strength for rivet steel, but have never at any time allowed, under 
specifications for this material, less than 57,000 pounds tensile 
strength. With 60,000 pounds the rivets drove satisfactorily and 
the bottoms in which they were driven are now old and have given 
excellent satisfaction after much service and repeated dockings. 
We know, therefore, that we can go as high as 60,000 pounds’ 
tensile strength and get a rivet which will at once drive readily 
and be entirely satisfactory in the ship, and) we know, also, that 
rivet work gotten under the present specifications is entirely satis- 
factory. For the ship-builder, riveting is an item of the greatest 
importance, and while, therefore, rivets required by the Bureau 
of Construction and Repair are more expensive to manufacture 
than might be considered desirable in the case of other large con- 
sumers of rivets, where the conditions as to the greatest strength 
with the least weight do not exist as they do in the case of naval 
vessels, the Bureau of Construction and Repair probably could 
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not accept any considerable reduction in their requirements for 
this class of material. 

Jesse J. SoumAN.—In conversation with the American man- 
ager of the British Lloyds about their specifications, which call 
for about 62,000 to 71,000 pounds’ tensile strength for plates and 
shapes, he made the argument that this higher-carbon steel will 
resist rust to a greater extent than does the softer steel used by 
the American shipyards. I should like to ask the gentleman who 
has just spoken for his opinion of that argument. 

Mr. Srratron.—This is not the first time I have heard ques- 
tions raised in objection to American steel and theories advanced 
by British subjects for high-carbon steel, which seems to be largely 
a question of whose ‘“‘ox is to be goaded”’ by the use of a softer, 


‘more ductile and more easily worked material than can be profit- 


ably produced in England, where the base of all iron and steel 
manufactured is either clay iron-stone or black-band ore, which 
is of the same character, except that it contains a quantity of 
bituminous matter, which gives it a dark color, from which it gets 
its name. 

In England the problem is how to produce a marketable steel 
from such a low or inferior grade of ore with the utilization of the 
largest amount of English ore and the smallest quantity of imported 
ore brought from other European countries. This was worked out 
by English ironmasters as early as 1885 in the form of a hard brash 
steel with a minimum tensile strength of 62,000 pounds and an 
elongation of 15 per cent. in eight inches. 

As early as 1893 English material stamped ‘Clyde Silver 
Steel”? was imported into this country and tested here for use in 
ship’ construction, it having passed Lloyds Classification Society’s 
test at the mill in England. In the working of this material it was 
noted by the builder that it was remarkably severe on the punches, 
shears, and rolls, as compared with American material, and in a 
bending test of some ten samples of angles eight of them split in 
the throat while being gently flattened out on an anvil; and in 
working the first garboard plate a set of new rolls was broken, 
which was purely attributable to the hardness of the material. 
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This was delivered in this country at a cost of 1.4 cents per pound; — 


American steel at the same time was worth 1.6 cents. The builder, 
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however, stated that in the light of his experience as to the bad 
effect this steel had produced on his tools, he believed that American 
steel would have been cheaper and more satisfactory at 2 cents per - 
pound more. 

The only change made in the rules and conditions governing 
British ship-building material since 1885, as far as my experience 
goes, is an increase of the elongation from 15 percent. to 23 per 
cent. in eight inches, which is probably attained by a slight increase 
in the rolling of the material. Another objection to such high ten- 
sile steel is its liability to crack from the application of heat either 
in shaping or working. 

If the ores of Britain were hematite, instead of argillacious, 
her ironmasters and classification societies would be looking for 
conditions germane to those of this country, in the form of a ductile 
steel, rather than a hard brash material, which is difficult to pro- 
duce here, much harder to work, less satisfactory, and less enduring 
under all the conditions of use, abuse, and neglect. 

J. C. Kinxeap.—As regards rusting, I think it is acknowl- 
edged that iron is less liable to rust than steel; and that is noticed 
in some iron mills when they put steel in sections of bar iron. In 
a pile of material of this kind every bar containing steel can be 
distinguished on account of the rusting of the steel. Iron is a 
purer product than steel, and I have always considered that the 
harder the steel the more quickly it will rust. 

Joun A. MatHews.—I have made a few observations in 
regard to corrosion. I had a series of steels, which included both 
plain carbon and alloy steels, including nickel, chromium, and 
molybdenum. Samples of these, in the form of machined test- 
pieces, were left exposed to atmospheric corrosion for some time. 
I then noticed that they became corroded, but that the degree of 
corrosion or rusting differed widely in different bars. I sorted 
them out in the order of the rusting, and was much surprised to 
find that in doing so I had arranged them exactly in the order of 
their carbon contents; the lowest carbon plain steel was least cor- 
roded. I could trace no connection between the atmospheric 
corrosion and the percentages of chromium, nickel, or molyb- 
denum present. The steels ran from 0.04 per cent. carbon to 
0.54 per cent. carbon. The total impurities, other than carbon 
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_ and the added metals above mentioned, never equalled 0.2 of 1 per Mr. Mathews. 
cent. When I tried the influence of corrosion in acid the results : 
were quite different, but by atmospheric action the steel containing 
only 0.04 per cent. carbon and total impurities below 0.20 per cent. 

was practically unrusted during the time over which my observa- 
tions lasted—a period of several weeks. 7 


SPRINGS AND SPRING STEEL, 
By WiititaAM METCALF. 


In compliance with a request for a paper on the subject of 
“Springs,” it may be well to begin with a short history of the 
conditions and changes that have occurred in the past thirty years 
in car and locomotive springs. 

Thirty years ago, when the writer first became interested in 
springs, Bessemer and open-hearth steel were undeveloped infants 
and their uses were mostly experimental for everything except 
rails and plates. Bolster springs were made mostly of gum, gum 
and coils of steel around them and gum in boxes, in great variety; 
also of coiled springs of astonishing variety. There were helices 
and volutes, round, flat, square, beveled, oval, egg-shaped, and 
nondescript sections of bars, used for both bolster and drawbar 
springs, of steel made of either the old style German steel or of 
crucible steel. There were double, single, and half volutes, and 
helices in groups. of single coils and others of different diameters 
one within the other. For elliptic springs we had flat, concave, 
ribbed, and corrugated bars. 

These springs were covered by patents as numerous as the 
varieties, and, of course, each kind of spring was the best in the 
market. Specifications for springs were limited to space to be 
occupied and load to be carried; it was go-as-you-please for the 
manufacturer, scrambling and fun for the traveling men, and all 
around confusion worse confounded. The gradual introduction 
of open-hearth and Bessemer steels, sure winners because of their 
cheapness, promptly drove out the gum altogether, and more 
slowly but inevitably drove out the crucible steel. Crucible car- 
spring steel is still heard of occasionally from the few who have 
not advanced with the art. 

The first effects of the introduction of these cheaper steels 
were failures innumerable, until careful railroad men were driven 
nearly wild. Before crucible steel was entirely driven out one 
maker was asked to make the lightest possible spring to go into 
a given space and carry a given load for the then common 30,000- 
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pound freight car. The result was thirty-two (32) pounds to a 
group, one hundred and twenty-eight (128) pounds to a car; they 
worked admirably, the springs were adopted and many thousands 
were ordered from different makers. A few months later the 
same maker was asked to make the heaviest spring he could put 
into the same space for the same load, because the light springs 
were breaking faster than they could be replaced. The result was 
a nest that weighed seventy-two (72) pounds, or two hundred 
and eighty-eight (288) pounds to a car, a gain of one hundred 
and sixty (160) pounds for the manufacturer. Shortly after, he 
was sent for again to consult about a proper specification, to 
which he replied that the proper specification was to specify his 
springs, and he was told promptly that the great railroads of the 
country could not, and would not, be tied to one concern; that 
although they were buying springs on a five-year guarantee the 
breakages were so great, even of the heavy springs, that to insist 
upon the guarantee would, they were sure, break up every one 
of the spring-makers, and that would be the worst break of all. 

To take a back step and return to gum and crucible steel 
exclusively would be a confession of weakness in the mechanical 
department amounting to almost imbecility, and there seemed to 
be no relief except through a scientific study, careful experi- 
ment, and proper specifications. This was the beginning of 
specifications for springs, and probably the leader for many 
others. 

The first specification of which the writer has any knowledge 
was for the steel, and was due to our worthy President. He wisely 
ignored the mode of manufacture, and devoted himself to getting 
the best material consistent with reasonable cost of manufacture, 
not demanding something impracticable, not expecting a dress 
suit at a shoddy price, and equally determined not to have shoddy 
when he paid for good wool. The writer, for one, kicked against 
the close limit on carbon, but all to no purpose. The result was 
the now famous and almost universally accepted P. R. R. speci- 
fication for spring steel now known everywhere as the “‘Standard 
Specification Spring Steel,” and it has proved to be entirely reason- 
able because it can be made for a reasonable price, and when it 
is well made it is entirely satisfactory. 
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Following this, there came from the mechanical department 
of the same railroad the first reasonable and sensible specification 
for coiled springs. A circular section, the round bar, was adopted 
for all coils, because the strain was torsional, and this round 
section gave the maximum resistance to torsion. Calculated from 
the best known formula for torsion a complete set of springs was 
designed for the various uses about a car. Upon the first trial 
the springs proved to be about 33 per cent. too strong; this led 
to a discussion between the spring-makers and the railroad engi- 
neers as to who was at fault. Naturally, each fellow insisted that 
he was right and the other fellow was wrong. The writer took 
the matter up by making some springs that were of the specified 
composition and the bars of the specified size as exactly as they 
could be rolled on a large scale, not going into a refinement of 
thousandths of an inch; then he saw that they were treated prop- 
erly both in the coiling and in the hardening and tempering. They 
were certainly about 33 per cent. too strong. This led to a con- 
sideration of the formula; it seemed at first sight that if torsion 
were the only resistance the closing down of a coil must lead to 
a compression of the tempered steel that was simply impossible. 
Then where did the steel go in compressing the spring? Probably 
the ends slipped around the base, adding so much to the coils. 
A spring was placed in the testing machine between two clean 
smooth steel plates, and the position of the ends marked. Upon 
compressing the spring the ends did not move. . Next the pressure 
was released, and by means of a small square set against the sides 
of the spring the diameter was marked on the base plate as well 
as the ends; then the spring was closed again and again the ends 
did not move. A trial with the square now showed that the spring 
had increased in diameter; at its middle height, one-fourth inch, 
it was barrel-shaped. The spring was six inches in diameter and 
eight inches high; this meant that the pressure had bulged a 
six-inch half-circle arch one-eighth inch at the crown, or it had 
apparently expanded a six-inch circle one-fourth inch in its diam- 
eter. This accounted for the increased strength above the formula 
requirement, and also when the writer considered the complication 
of strains involved in a combination of torsion and flexure pro- 
duced by an end pressure, it drove from his mind any further 
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consideration of a formula. There may be mathematicians who 
could figure it out, but the writer is not one of them. 

Assuming now that the springs are formed either by coiling 
the helices or arching the plates of elliptics, the next operation 
is the hardening and tempering. Although the differences in 
temperature necessary to produce the best hardening for different 
quantities of carbon are apparently slight, as shown by the heat 
color, they are very important, and are best acquired by the 
experienced eye possessed by a man of good judgment and not 
color-blind. The hardening and tempering of coiled springs is 
a comparatively simple matter if the temperer knows the carbon 
with which he is dealing. The objection to the carbon limits 
mentioned before was that we had been accustomed to making 
springs of every carbon from 0.60 to 1.30, and the limiting of 
carbon to 0.90 to 1.10 threw out of use a large amount of steel. 
Now that specifications have been changed so that coiled springs 
may be of any carbon from o.70 to the highest, that objection 
has been removed, and the results will be just as good if the best 
conditions are observed. 

The lower carbons should be put into the larger bars, because 
the largest bars are the most difficult to harden safely, and the 
difficulty increases in a geometrical ratio with the increase in 
carbon. A good rule is to put the 0.70 to 0.90 carbon into bars of 
more than one inch diameter; bars from an inch to three-quarters 
of an inch, 0.90 to 1.10 carbon; bars from three-quarters to half 
an inch, 1.10 to 1.20 or even 1.30 carbon, and little rods below 
half-inch into any high carbon up to as much as 1.45. This was 
the old practice with crucible steel, and the spring-makers were 
always informed of the carbon they had to deal with; the result 
was that breakages in the shop or failures in service were very 
rare. Steel of 0.60 to 0.90 carbon was hardened in water; some- 
times, with about 0.90 carbon, a film of oil was used on the water. 
From 0.90 to 1.10 carbon about four or five inches of oil were 
used on the water, and for higher steel, oil was used and kept 
cool by an external tank of cold circulating water, or by a coil 
of pipe inside of the tank with cold water running through. < 

Coiled springs require so little manipulation after coiling that 
they are usually at a proper heat for hardening as they leave the 
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machine; care should be taken, however, in heating for coiling; 
they should be of an even temperature throughout the bar, and 
neither too hot nor too cold. If they are too hot the grain will 
be coarse and fiery, and even if they do not happen to break in 
testing they will be brittle and liable to break in service. If too 
cold they will not harden thoroughly, and if they do not set in 
testing they will probably set in service. As to the heat, it needs 
to be slightly higher for mild steel than for high carbon; in general 
it should be just a slight shade above the recalescent point, but 
that is a matter not readily grasped by the average worker, and 
a good practice is to aim for a nice, medium orange color for high 
steel, and a little brighter orange for the milder steels. Good sense 
and experience and honest attention to the work are the best guides. 

Tempering must be suited to the carbons: 0.70 to 0.80 carbon 
will require very little drawing; 0.90 to 1.10 may require the oil 
on them to: flash, and for higher carbons the oil may be burned 
off; above 1.30 carbon a heat that barely begins to show color will 
generally give a good spring temper. In tempering, as in harden-, 
ing, good sense and good judgment are the best guides. 

Helical extension springs require more care and exact treat- 
ment than compression springs; whether it be that they are liable 
to be pulled out so as to be strained beyond the elastic limit, or 
that the uncoiling is in a continued direction of some strains set 
up in coiling, and so causing more injurious strains, the writer 
cannot say, but a large experience has demonstrated clearly that 
extension springs as compared to compression springs are much 
the more troublesome, so that great care must be used to produce 
satisfactory results. 


ELLiIetic SPRINGS. 


In dealing with elliptic springs the problem is somewhat 
different from that of coiled springs. There are many more pieces 
to deal with, and each one must be shaped, hardened, and tem- 
pered separately, and then all assembled and brought to a neat 
fit. The heating for shaping and hardening and tempering should 
be done carefully, and in general the same as has been described 
for coiled springs. 
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It seems to be the fact that there is comparatively little trouble 
with double elliptics, because, probably, when they are closed 
down solid they have a bearing upon their two parts, just as a 
coiled compression. spring has, and therefore they are not liable 
to be strained beyond the elastic limit unless they receive a blow 
that is powerful enough to crush and break the material. 

The case of the semielliptic, where the spring rests on the 
middle with the ends turned up to receive the load, as in a loco- 
motive, is very different, and is comparable to the case of the 
coiled extension spring; there is no final bearing for the ends, and 
by a sudden jar causing an excessive motion they may be strained 
away beyond the elastic limit and broken. It is understood that 
these springs now give more trouble than any others and that to 
get them satisfactory is a serious problem. 

The standard specification for locomotive spring steel retains 
the original low limits for phosphorus, sulphur, silicon, and man- 
ganese, and carbon between o.go and 1.10; this is well, first, to 
insure good material as far as it is possible to get it, and second, 
because all of the bars are flat, of nearly the same section, and 
there is no reason for allowing a wider range in carbon; steel can 
be had within these limits without any increase of cost, and now 
that coiled springs may be of any carbon from 0.70 to the highest, 
all off heats can be used for helicals without any loss to the steel- 
maker. 

It is a common practice to form the plates in a mould, take 
them out, and adjust them to a templet; twist them a little here, 
pound them with a hammer there, hold another spot with cold 
tongs, and finally, when the piece is shaped to the taste of the 
operator and is of many different colors of heat, and strained 
here and there by hammer blows, to plunge them into the oil 
bath to harden them. This is certainly all wrong; it is a quick, 
cheap way to get out a big product, and it is sure that every 
plate so treated is dosed with injurious strains that may result in 
a mysterious and unaccountable fracture. Plates so manipulated 
should be put in a proper furnace and brought to a uniform, 
correct heat, before quenching; this heating would remove the 
uneven strains and make a much better plate. This would require 
a little care, a little time, and possibly a small increase in cost; the 
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question is, would it pay if it increased the life of the spring, reduced 
the number of breaks, and kept the engines longer on the road? 

Another point needs attention when hardening in oil, both 
for helices and elliptics; the oil should be watched, a little fresh 
oil should be added every day, and finally, when the whole mass 
has become pretty well burned, so that it appears as if it were 
mixed with sand, it should be thrown out, the tank cleaned, and 
filled with fresh oil. Worn-out oil loses its power of convection 
largely, and will not harden the pieces as they should be; if it 
is attempted to correct this by having the springs a little hotter, 
then the grain will be raised and the result will be fiery, brittle 
plates and more mysterious breaks. 

Compared to a fine tool, a razor, or any similar article, a 
locomotive spring is a comparatively coarse article, but nature - 
did not make one set of laws for steel for milling cutters, taps, 
reamers, etc., and another set for steel for locomotive springs; 
the laws are all the same, the strains are the same, the sensitive- 
ness is the same. The average spring steel contains more im- 
purities, phosphorus, sulphur, etc., than fine tool steel, and just 
for that reason it is not only not so strong in the tempered con- 
dition as the finer steel, but it is also far more sensitive to uneven 
strains and will break under conditions that a piece of finer steel 
would endure safely. In the absence of laboratory tests and exact 
data on these points, it may be well to illustrate them by the 
action of clock springs and watch springs, which are fine enough 
to answer the purpose of laboratory work. ‘These springs are 
spirals, and when well made are really wonderful in their work; 
probably everyone here has a watch which runs year in and year 
out with great regularity, and the running is done by a little spring 
that drives machinery of many times its own weight, often with 
a variation in speed of only a few seconds a month. A watch 
mainspring, about 0.002 or 0.003 of an inch thick, less than an 
eighth-inch wide, and several feet long, should be made of steel 
of 1.30 to 1.40 carbon. 

The first attempt to make this steel in the United States led 
to trouble, of course; the steel was not uniform in quality, and 
was not properly melted, because it showed all sorts of temper in 
the same spring. It developed some other tempers also. 
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The requirement of the spring-maker was that the spring 
must be a perfect spiral; when pulled out straight and allowed 
to snap back it must coil into a spiral of even space between the 
coils through its whole length; also it must, when tempered, be of 
a perfectly even beautiful blue color. Such springs were submitted 
to the steel-makers, and they certainly were admirable works of art. 

The American springs were any shape as far as even coiling 
went; they touched at one spot, were too far apart at another, 
etc.; were any color from a dark dingy blue to a brown; therefore, 
the steel was not of uniform quality, and so badly melted that 
the carbon was not evenly distributed. There was no room for 
argument; the springs told their own story. The steel-makers 
knew that the steel was uniform in quality and in carbon, that 
it was thoroughly well melted, and that the carbon was as evenly 
distributed as it was possible to have it in any steel. It was now 
their business to find the cause of the trouble. 

After two or three years of struggling with the problem the 
cause was found in the annealing. The steel was cold rolled in 
long strips about three inches wide and one hundred to two 
hundred feet long. To get it down to 0.003 of an inch thick it 
had to be annealed, pickled, washed in lime water, and baked 
about six or eight times, and it can be readily seen that this 
required great care, skill, and close attention. The annealing was 
done in boxes, packed with coils of steel, filled in with fine char- 
coal, and the cover was luted on carefully. In spite of all care 
the troubles recurred, some coils made beautiful springs and others 
were worthless. Finally, a wise and expert worker of fine wire, 
Mr. Edwin Kidd, now of the Globe Wire Company, asserted 
positively that that steel never could be made right by annealing 
in closed boxes; it must be annealed in an open furnace so arranged 
that no flame could strike the steel directly, and yet not in a 
muffle. Then the operator could notice each coil, turn it, and 
watch it until it was heated just right, and then remove it from 
the furnace and place it in a warm, dry place to cool slowly. It 
was thought that his plan was impracticable, but the case was 
desperate, and the plan was tried with most remarkable results; 
it was a brilliant success, and that steel soon became famous for 
its excellence. 
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What is the explanation? It is very simple when you know, 
but it was a hard road to travel to the knowledge. In annealing 
in boxes the steel could not be seen and the heat could not be 
known; then the charcoal would become incandescent and run 
the heat too high, and the coil would be much hotter on one side 
than on the other; that meant that part of the coil would be of 
one grain and part of another grain, and greatly different structure. 
This difference in structure would remain in the steel until the 
spring was finished, ready for hardening and tempering; the 
heating would require but a few moments, and when heated the 
spring would have to be quenched immediately, because its small 
size admitted of no time for manipulation. Now, although the 
structure of steel changes rapidly in answer to any change of 
temperature, yet it does require a little time, and in this case that 
little time could not be allowed, the grain of the spring could not 
be evened up, and the result was an uneven spiral, varying color, 
and a bad spring all round, until the steel was annealed to an 
even grain and structure. 

Consider this now as a long-continued, worrying, and costly 
laboratory experiment; and apply the facts to your car and loco- 
motive springs; you are dealing with the same material, it has 
the same properties, the same forces are at work, and the same 
results will be had in greater or less degree. Possibly if you 
consider it seriously, you will conclude that it will be worth while 
for you to be careful in the manipulation of the springs which 
you wish to have to carry your engines and cars in safety. 


TESTING. 


Testing of springs is probably well understood, and need not 
be enlarged upon to any great length. 

All springs are made higher than the finished height, to allow 
for the initial set which occurs when they are first closed down; 
this is necessary, because, if the temper were left so high that they 
would not set, they would nearly all break either in the test or in 
a very short time-in service. 

It is important in testing that springs be held down solid 
for a few minutes to allow for lag; a spring may be in a state of 
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unstable equilibrium and endure a quick closing and release 
without setting too low if soft, or breaking if too hard, and then 
soon fail in service; this condition can be detected by holding it 
down solid for a few minutes, giving the necessary time for the 
strains to develop. 

The United States Government required springs for mortar 
carriages to be held down solid for sixty hours; this is just as 
unreasonable as not to hold them down at all; it is not on record 
that any spring broke after the first five minutes; but the holding 
them down for a few minutes under heavy pressure is important. 


CHEMISTRY. 


While it is not well as a general rule to specify a given chem- 
ical composition and a physical test, unless the engineer is a very 
expert steel-maker, it certainly was wise to fix a reasonable maxi- 
mum of allowable phosphorus, sulphur, silicon, and manganese, 
and a reasonable range of carbon; the effect of these elements is 
well known, and excess can be guarded against, as it has been 
in the standards now adopted by all careful railroads, without any 
excessive cost or trouble to the manufacturers. It is assumed, of 
course, and properly, that if the chemistry is correct, the physical 
condition good, and the sizes are accurate, that the steel-maker’s 
responsibility ceases, and as a general thing the rule works well, 
but it has its exceptions. Not long ago a prominent spring-maker 
received several carloads of steel which was well within the chem- 
ical limits, was sound, and rolled accurately; upon attempting to 
work it into springs the blanks nearly all broke in the process of 
forming; the steel was excessively red-short, and it was returned 
to the maker. 

The cause of this was back of the engineer, and the chemist, 
at a point probably impossible to reach by specification, except 
to claim the right to test for red-shortness, and this should be 
done. There can be little doubt that this trouble was due to 
excess of oxygen, an element that cannot well be determined by 
ordinary analysis. That an excess of oxygen will produce exces- 
sive red-shortness is beyond dispute. 
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After many years of analyzing and experimenting by Pro- 
fessor John W. Langley, supplemented by many tests in the shop, 
to locate if possible the cause of the difference in strength in the 
tempered condition, between Bessemer, open-hearth, and crucible 
steels of practically even composition, the conclusion was reached 
that the cause was to be found in the difference in the quantities 
of oxygen, nitrogen, and hydrogen found in the steels; in Bessemer 
steel great quantities of these elements are blown through the 
mass; in open-hearth great quantities flow over the surface of the 
steel for hours, and much is absorbed; in the crucible only the 
amount that is in the pot or that may pass through the sides can 
get into the steel. 

That these elements make a great difference is easily observed 
when a crucible happens to become uncovered during the melting, 
as sometimes occurs; if a hundred ingots be topped and set up 
for inspection and only one has been exposed to flame by the 
crucible becoming uncovered, the inspector will notice it imme- 
diately, mark it “gas,” and relegate it to the scrap heap. 

There is no good reason apparent why an atom of oxygen, 
nitrogen, or hydrogen may not be as potent as an atom of phos- 
phorus, sulphur, or silicon, and they are all present in greater or 
less quantity. Professor Langley’s conclusion was that oxygen is 
the head devil; the writer held to nitrogen for a long time as his 
pet mischief-maker, but it seems probable that Langley is more 
nearly correct. 

These remarks are not meant to belittle bessemer or open- 
hearth steel in any way; their great merits and usefulness are too 
well established to leave them open to criticism. The trouble is 
not in the method, it is in the man. Given the best material that 
the world can produce, and it will not make good crucible steel 
if it is not melted properly, and no subsequent treatment will make 
a badly melted ingot a piece of good steel. It is the same with 
bessemer and open-hearth, bad blowing or bad melting cannot be 
cured by good chemistry. 

The red-short steel referred to doubtless came from a wild 
heat; the melter knew it, the roller knew it, and probably the 
superintendent knew it; they were all working for product, and 
they knew how to work that steel into pretty bars, but the spring- 
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maker did not know how to work it into springs, and it is probably 
well for his employers that he did not know. 

We have now covered the ground that belongs properly to 
the engineer, the spring-maker, and the inspector, and have tried 
to show how the work should be done, how to detect errors, and 
how to correct them. This brings us back to the steel-maker and 
out of the domain of the steel users; all steel is made good or 
bad in the crucible, the open-hearth furnace, or the Bessemer 
converter; if the steel is good there can be no excuse for bad 
springs, and if the steel is not made good by good melting or 
blowing, it cannot be made good by any subsequent treatment. 
This matter rests then with the steel-maker, because it will not 
do for the engineers or inspectors to attempt to regulate shop 
practice unless they are ready to assume all of the consequences. 

During the latter part of the Civil War the Government sent 
construction officers to the gun foundries; these gentlemen were 
to see that the right kind of iron was used, and to see the guns 
cast. They did see that iron of the recognized standard brands 
was put into the furnaces, and it is needless to say that they did 
not know anything about its quality. They also saw guns cast; 
this occurred after noon, and sometimes when the furnaces were 
slow they got in a hurry to go away, and would say it was time 
to cast the guns; the answer always was, “All right, give us a 
written order to cast the gun, you agreeing to accept the result, 
and we will cast at any time you wish.” The reply followed, 
“No, you must submit the gun to all regular tests of course.” 
And the argument ended, ‘Very well, if we are responsible, we 
will use our own judgment until the gun is submitted for inspec- 
tion.” The same rule must apply to any manufacturer; if he 
is to be held responsible he must not be interfered with in his 
management. 

A good melter, of sound judgment and correct eye, knows 
exactly what he is doing and precisely what he will get; there is 
no pyrometer or spectroscope that is equal to a well-trained eye 
to inform one what is going on, and it is doubtful if any machine 
will ever be invented that will be as useful as a good eye. All 
that the steel user can do is to plead for good work, and be willing 
to pay a fair price for it; the rush and drive in the mills, the 
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keen, fierce competition of different manufacturers and lively 
salesmen, and the desire of the purchasing agent to keep down 
f costs are potent factors for poor work. The engineer wants the 
best he can get for his purpose, and he often finds that these 
factors have placed him between the devil and the deep sea. 

It is hoped that what has been said will lead properly to the 
conclusion that nothing has been suggested that will cost anybody 
one cent; it is meant only as a plea for honest effort, reasonable 
care, and close attention to every detail. These will result in 
general satisfaction, and any other course will lead to disaster. 


THE ROLLING OF PIPED RAILS. 
TopicaL DISCUSSION. 
By ALBERT SAUVEUR AND ROBERT JOB. 


ALBERT SAUVEUR.—I should like to preface my remarks by Mr. sauveur. 
the expression of my belief that I am perfectly impartial in the 
matter of piped rails. JI am not a consumer of rails, nor am I 
a manufacturer of rails. I am interested in this matter purely 
from a professional standpoint. It is well known that all rail steel 
ingots pipe and that this defect covers from 20 to 4o per cent. of 
their lengths. It is evident, therefore, that to convert into rails 
sound metal only, we would have to discard all the way from 20 
to 40 per cent. from the top of each ingot; that would be the only 
safe way, However, as a matter of fact, few, if any, rail mills 
discard over 10 per cent. Such being the case, from 20 to 30 
per cent. of piped metal remains in the ingot. What becomes of 
this metal? We evidently convert it into piped rails. I do not 
hesitate to make the statement that in our present practice the 
first rail rolled from an ingot is, in the majority of cases, a piped 
rail; it is a defective rail, and therefore more liable to fail; at any 
rate, it is a rail which is not as good as the other rails. I think 
this is a very serious matter. It is a surprise to me that this 
question has not been faced more frankly before. To me, the 
refinements which are introduced into the specifications for steel 
rails regarding their chemical composition, their physical testing, 
shrinkage, etc., appear farcical, when we ignore a fact of this 
character—when we ignore the fact that we are producing one 
defective rail out of every five or six rails rolled. I am not stating 
anything that is new; you all know that such is the case. I merely 
want to bring the matter to the attention of the Society, to see if 
there is anything to be done to prevent the rolling of these piped 
rails. Shall we prescribe that the manufacturer shall cut off 
enough to get rid of the pipe? Shall we test every first rail rolled 
from an ingot to see if it is piped? Shall we test, for instance, 
the crop end of every first rail, and if that crop end shows piping, 
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reject the first rail? The presence of piped metal can readily be 
detected. If a piped rail be properly polished and etched, the 
pipe metal which cannot be welded perfectly will be eaten away 
by the acid and the location of the pipe will be revealed very 
plainly. I have been called upon to investigate the cause of 
failures of a great many rails, and in most cases I was able to 
trace it to the presence of a pipe in the rail. If such tests are 
unreasonable or impracticable, we should surely prescribe in a 
most positive manner that the drop test shall always be made on 
the first rail of the ingot and never allow it to be made on any 
other but the first rail. It is a very defective procedure to test 
that member of a series which is likely to be the strongest, in 
order to throw light upon the quality of the whole series. It is. 
the weakest member which should be tested. 

My desire is merely to call this matter to your attention. It » 
seems to me that manufacturers should not go on making piped 
rails and consumers should not go on buying them. I think there 
is in this consideration more than a mere question of commercial 
expediency. We should reflect upon the loss of life which has. 
been caused in the past through the breaking of piped rails; the 
loss of life which will be caused in the future by the breaking of 
such rails if we continue in our present course. 

Ropert Jos.—The general appearance of a piped rail is. 
unfortunately very familiar to everyone who has to do with the 
fractures of rails in service. I have brought photographs of a 
couple of examples which recently came under my observation. 
In this case (Fig. 1) I polished off the transverse section of the 
rail and then etched it lightly with iodine. I find that this method 
of etching gives a very clean, bright appearance, and shows the 
form of the pipes very clearly. Another rail which broke in service 
a short time ago shows a pipe running from almost the very top: 
of the rail down through the head and web almost to the bottom 
of the rail, and extending up through the entire length. The 
section which I had was perhaps 4 feet long, and it was possible 
to look clear through that piece from end to end and read writing 
beyond. 

As to the number of fractures which result in track due solely 
to piping, we have found relatively few when we consider the total 
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number of rails which are put in the track, but in following up 
this matter I have been interested to note that taking all of the 
fractures which have occurred during several years, perhaps 75 
per cent. of such rails have had pipes extending through them to 
a considerable extent. In many of these cases, of course, the 
pipes were merely contributing agencies—that is to say, they were 
not present in sufficient extent to cause in themselves an actual 
fracture, although they added to the weakness from other sources 


and ultimately produced fracture. 
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How to eliminate the pipes from the rails is, of course, the 
vital question. Professor Sauveur has mentioned—and he is cer- 
tainly correct—the advantage of taking the test rail from the rail 
from the top of the ingot. It seems to me that that is the only 
rail we ought to take for the test. I may say further that our 
practice is to take one test from the top of an ingot from each 
heat. At the outset there was more or less discussion in regard 
to the matter, on the ground that such action might cause delay 
at the mill. I can state, however, that such has not been the 
case, and throughout our practice we have not had the slightest 
difficulty from holding the mill or causing any delay where the 
quality was normal. We find also that we have in the drop 
test an important ally in the detection of piped rails. We find, 
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for instance, with a 23-foot drop of 2000 pounds upon rail butts 
3 feet between centers, that a large majority of the rails which are 
broken contain pipes. It seems to me that is pretty clear evidence 
that a fairly severe drop test is an excellent detector of pipes. 
It does not always detect them, but it frequently does, and it is 
certainly an aid. Thus I think that by combining our drop test 
as we have it at present with the test of the rail from the top of 
the ingot, the consumer has at least a fair chance of detecting 
any seriously piped rail. 


GENERAL DISCUSSION. 


M. H. Wicxnorst: It is fortunate for us that rails do not Mr. Wickhorst. 
fail oftener than they do. Only a short time ago we had a case 
of a rail breaking and causing a wreck in Iowa, and while there 
was no loss of human life, there was an incidental loss of about 
$10,000 to the railroad company. The investigation of the 
failure showed that it was due to a piped rail. In this instance 
the web was so weak that a portion of the head, a foot or two 
in length, subsided, and when that occurred the rest of the rail 
broke and quickly caused the wreck. I submit a photograph 
showing etched sections of two rails, one of the broken rail and 
one of a good rail next to the broken one. I also submit a drawing 
showing the nature of the fractures. (See page 126.) 


Joun McLeop: I feel there is a burden laid on the shoulders Mr. McLeod. 
not only of the manufacturer, but also on the representative of 
the consumer who goes to the works of the steel manufacturer 
and attempts to criticise his product. I believe that I could go 
to the Edgar Thomson Steel Works and inspect rails with the 
moral certainty that I had accepted rails which were practically 
free from piping. I think a great many of those present are 
familiar with these works; they know where the ingot is placed 
in the so-called soaking pits; how long it is kept there; that it is 
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then taken out and put through the blooming-mill and cut off 
in proper lengths, then recharged into the reheating furnaces, 
and so the process goes on. It would seem to me if I were going 
to criticise the material going into the rails, with a view to prevent- 
ing rails that contain piping going into service, I would station 
myself at the blooming-mill where this cutting is going on, and 
I believe I could eliminate almost all the trouble by observing 
the condition of the end of the bloom after it -has been sheared. 
If enough has not been taken off, take off a little more, and so 
on. I know that I personally have been decorated with all kinds 
of criticisms because I have always contended that the proper 
place for the inspection of any material is in the mill at the time 
of rolling. There is no better safeguard for a railroad company 
to take than to instruct the inspectors to go to the mills and to 
remain there during the process of rolling, whether by night or 
day. If the inspector will do that, I think that you will probably 
not get as many piped rails as you are possibly getting now. 
That you do get such rails is perhaps the manufacturer’s fault; 
but I think the representatives of the railroad company should 
share any blame with us, because I am sure not one of our super- 
intendents would think of shipping a rail he knows to be piped. 
But the superintendent cannot always be in the mills, and I 
think you are falling short in your duty in not having your repre- 
sentatives present in the mills when the operation of rail-making 
is being conducted for you. If your inspectors were present at 
that time they could cut out almost all of the piped rails, and 
the small percentage remaining would give you little or no trouble. 

Mr. Savuveur: I had especially in mind the failure of our 
committee to stipulate in the most positive and clear manner that 
the first rail from the ingot should be the one tested. I have not 
yet seen any specification that puts that down in black and white, 
and I think it surely should be so put down. 

Mr. McLeop: While I consider this suggestion perfectly 
just, yet I think it also fair that if such tests be specified the 
requirements should be tempered. The specifications existing 
to-day are not based on tests of rails from the top of the ingot. 
You will admit that tests give after all only relative values. If 
the top rail of an ingot is to be tested, conditions should be imposed 
sufficient to prove that the rail will be satisfactory for the service 
to which it will be subjected. Since’ the other rails from the 
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ingot will be better than the one tested, you should be as lenient 
as you can in framing the conditions of that test. I think it only 
fair to make that statement, and if the subject were approached 
in that spirit I think no manufacturer would object to a test from 
any part of the ingot. 

Tue PrestpeNT: In other words, do not prescribe the 
crucial and extreme test for good steel for the piece that is possibly 
not quite so solid. 

Mr. McLeop: That is the idea exactly. 

Mr. Savuveur: It seems to me that if we are going to 
test the first rail as it should be done, the test should be severe 
enough to produce failure if it be a piped rail; if not, the testing 
of the first rail would do little good. 

Joun A. Matuews: I think it a very good idea to test the 
first rail and find out if it is piped; but it does not seem to me 
that the failure of that first rail in the test would be sufficient 
reason for rejecting other rails from that same ingot. It is, of 
course, proper to discover and reject the piped portion, but 
certainly the piped portion may fail though all the rest be good. 

Mr. McLeop: I find myself obliged to take issue with 
Mr. Sauveur again. There are rails which after outliving their 
usefulness, on removal from the track are found to be piped 
to a more or less pronounced degree. It seems to me that every 
material should be criticised from the viewpoint of its intended 
use. The test for a rail should be sufficient to determine whether 
it is fit for the service intended. If a rail with a slight pipe in it 
will meet a test which has been intelligently conceived, then I 
think that rail is quite good enough to be used. You should take 
up the question of degree, because you know that in making a 
melt of steel the conditions are sometimes ideal and sometimes 
not ideal, but quite good enough. I think that should be taken 
into consideration when imposing conditions of tests for rails. 

Mr. Sauveur: As I understand it, it is argued that a piped 
rail is not necessarily a defective rail and might be accepted. 
Against this, however, I have my own experience, which shows 
that a large proportion of rail failures which I have had to inyesti- 
gate was due to the presence of piped metal, and Mr. Job has just 
told you that this has also been his experience: that at least 75 
per cent. of the cases which he had to examine he could trace to 
the presence of a pipe. 
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THE CASTING OF PIPELESS INGOTS BY THE SAUVEUR 
OVERFLOW METHOD. 


By ALBERT SAUVEUR AND JASPER WHITING. 


Introductory —The formation of a cavity technically called 
a ‘‘pipe” in the upper part of steel ingots, under the ordinary 
method of casting, is too well known an occurrence 
to call for any description. If a “piped” ingot be 
cut in two longitudinally this defect will appear as 
shown in Fig. 1.* 

The great advantage which would result from 
being able to cast pipeless ingots is, of course, appre- 
ciated both by producers and consumers—witness 
the strenuous attempts which have been made to 
eliminate this defect. In medium-high and in high- 
carbon steel the pipe occupies from 20 to 4o per 
cent. of the length of the ingot. In the manufacture 
of armor plates and of some expensive forgings as 
much as 40 per cent. of the ingot is discarded and 
in this way only metal free from pipe is converted 
into finished product. In the manufacture of other 
implements, however, it is safe to affirm that a suffi- 
cient amount of metal to insure absolute freedom 
from pipe is very seldom rejected. Hence the 
danger of turning out defective material. It is our 
opinion that a very large proportion of the failures of steel imple- 
ments of all kinds in the process of manufacture,’ in the testing 
room or when in use, is due to the presence within them of this 
defect. The production of pipeless ingots, therefure, would not 
only do away with the rejection of a large amount of metal, a 
most important item, but it would also greatly reduce the pro- 
duction of defective implements. The commercial value of this 


FIG, 1, 


* From a paper on “The Development of Tool Steel.’’ By E. L, French, 
American Association for the Advancement of Science, 1902. 
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last consideration will, we believe, be readily granted. From 
the knowledge that they are not placing on the market finished 
implements containing this hidden flaw—a cause of much weak- 
ness and of probable eventual failure—the manufacturers should 
derive a feeling of security which they alone can fully appreciate. 

In the production of many implements where the cost of the 


work required is many times greater than the cost of the metal, - 


as for instance in the manufacture of saws and many other tools, 
the handling of pipeless ingots would result in a saving consid- 
erably greater than would at first appear, because the presence of 
a pipe is in many cases only discovered when the implement is 
nearly ready for the shipping room, that is, after a large amount 
of expensive labor has been put upon it, and the cost of this labor 
is a clear loss to the manufacturer. Producers of such imple- 


ments will, we believe, readily appreciate the importance of this 


consideration. 

The Overjiow Method.—In the method now to be briefly 
described, it is believed that a practical means has been found 
for the casting of pipeless ingots. , 

It will be sufficient for the purpose of this paper 
to recall in a few words the cause which induces the 
formation of the pipe. 

After molten steel has been cast into an iron 
mold, the metal in contact with the bottom and the 
sides begins first to solidify. After a relatively short 
while the top of the ingot, which is exposed to the 
cooling action of the air, also becomes solid and the 
ingot now consists in a rigid metallic shell holding 
a mass of molten steel, as shown in Fig. 2.* As the 
cooling proceeds this solid shell increases in thick- 
ness, but since steel, like most substances, under- 
goes a considerable contraction in passing from the 
liquid to the solid state, the mass of metal which when liquid 
was sufficient to fill the space within the solid shell, will, after it 
has in turn solidified, be unable to fill it and a cavity must neces- 
sarily be formed in the upper part of the ingot. It is evident, 
therefore, that the formation of the pipe is due to the fact that 


* “Tron, Steel and Other Alloys.”” H. M. Howe. 
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the top of the ingot solidifies while a considerable amount of 
metal below it is still liquid. Once the top has become rigid 
the contraction of the liquid interior in passing to the solid con- 
dition must necessarily result in the formation of a cavity or 
pipe. By retarding the solidification of the top we should, there- 
fore, decrease the size of the pipe and if it were possible, in a 
practical way, to maintain the top liquid to the very last, that is, 
until all metal below it has solidified, the formation of the pipe 
should be altogether prevented. Efforts have been made in this 
direction, such for instance as covering the top of the ingot imme- 
diately after casting with fuel or with molten slag, or in preheating 
the top of the mold. All such attempts, however, resulted only 
in a slight decrease in the dimension of the pipe and were accom- 
panied by practical objections which more than offset the small 
gain effected. 

The aim of the present method is to maintain the top of 
each ingot liquid until all metal below has solidified and to do 
so without in any way interfering with the conduct of the mill 
operations or adding to their cost. 

The method consists in so connecting a number of molds that 
the molten metal can overflow from one mold into the next, while 
pouring is continued in the same mold until any desired number 
of molds beyond have been filled. 

In Fig. 3 is shown a diagram representing in elevation 
a number of molds which we shall suppose so connected that 
after one mold has been filled, if the supply of metal be con- 
tinued into it, the excess of metal will overflow into the next which 
will in turn be filled. To take a particular case, let us suppose 
that we cast the steel into mold No. 1 and that after it has been 
filled we continue pouring into this same mold until we have cast 
into it sufficient metal to fill the next five molds. After mold 
No. 1 has been filled, the metal will overflow into mold No. 2, 
and when this one has been filled it will overflow into mold No. 3, 
and so on until six molds have been filled. It will be seen that 
by this method we maintain a flow of molten metal running over 
the tops of the solidifying ingots, and therefore retard the solidifi- 
cation of the tops, which is our desideratum. This should result 
in a reduction of the pipe, and, if sufficient molten metal be passed 
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over the tops, in the complete obliteration of this defect. The 
molten metal flowing over the tops of the ingots acts after the 
fashion of a sinking head, feeding the pipe, and therefore preventing 
its formation. 
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It will be seen that in the example we are considering ingot 
No. 1 will have enough metal cast upon it to fill five molds, ingot 
No. 2 enough to fill four molds, ingot No. 3 enough to fill three 
molds, and so on to the last ingot, which had no extra metal 
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passed over its top. The amount of molten steel flowing over 
the tops of these ingots decreases, therefore, as we pass from the 
first to the last ingot, and it should be expected that the effec- 
tiveness of the method in eliminating the pipe should also be 
greatest in the case of ingot No. r and should then gradually 
diminish. 

Segregation. —It is well known that the segregation of im- 
pure metal in the upper part of steel ingots—that is, in the piped 
portion—is due to the fact that the impurities present in the metal, 
especially the phosphides, sulphides, and carbides, are more 
fusible than the metal itself, and have therefore a tendency to 
collect in the portion of the ingot remaining molten longest. 
Tn the overflow method these impurities should naturally rise 
to the very top of the ingot and should then be carried away by 
the flow of molten metal to be discharged into the next empty 
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mold. Here, however, they should be diluted so largely by the 
metal from the cracible or ladle as to have but a very slight effect 
upon the average composition of the ingot. We have not as 
yet had the opportunity of testing the effect of the method upon 
the segregation of impurities, but from these theoretical considera- 
tions it should naturally be anticipated that if it does not prevent 
it altogether it should greatly diminish it. 

The Overflow Method and the Casting of Crucidle-sieel Ingots. 
—Numerous experiments were conducted with crucible-steel ingots 
in order to ascertain the practical value of the overflow method. 
The results obtained in casting six Ingots, after the manner just 
described, are shown in Fig. 4, which is the reproduction of a 
photograph of the broken tops of these ingots. These ingots 
measured 3$ x 5$x 22} inches and weighed roo pounds. The 
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steel cast contained from o.g to 1 per cent. carbon and was pro- 
duced in a regenerative crucible furnace. 

Ingots of this size and grade cast in the usual manner had 
a pipe extending on an average about 8 inches downward. ‘Turn- 
ing our attention to the ingots cast by the overflow method, it 
is seen that No. 1 and No. 2 ingots are absolutely free from pipe. 
They are solid masses of metal to the very top. The metal which 
was cast upon these ingots had caused their top to remain liquid 
until the metal below it had become solidified, preventing thereby 
the formation of a pipe. No. 3 and No. 4 ingots show a small 
cavity measuring about 1 inch, while No. 5 ingot has a q-inch 
pipe. No. 6, which is not shown here, was not, of course, ma- 
terially improved. These experiments were repeated a number 
of times and the results obtained were in every case very similar. 

The results which had been anticipated from purely theo- 
retical considerations are, therefore, fully confirmed. From the 
appearance of No. 5 ingot we infer that the passing over the top 
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of an ingot of sufficient metal to fill one more mold by causing 
it to overflow into it will reduce the length of the pipe some so per 
cent., while the passage over the molten top of an ingot of enough 
metal to fill four more molds will result in the complete elimination 
of that cavity. 

In Fig. 5 are shown a number of pipeless or nearly pipeless 
ingots obtained by the overflow method. 

In casting six ingots then in the manner just described, 
while the first two ingots will be pipeless, the remaining ingots 
will have small pipes of increasing length. It may be readily 
conceived, however, that the overflow method may be conducted 
in a more continuous manner, so that enough metal will flow 
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over the tops of all ingots to make them pipeless, namely, in the 
present case, enough metal to fill four or five additional molds. 
If for instance, returning to Fig. 3, after having filled six molds 
by pouring in No. 1, the pouring be shifted to No. 2 and enough 
metal be cast to fill mold No. 7, and then the pouring be shifted 
to mold No. 3 and enough metal cast to fill No. 8 and so on, it 
is evident that the necessary amount of metal will have flowed 
over the top of each ingot to prevent the formation of a pipe. 

It is quite obvious that the amount of metal which must 
flow over the top of an ingot in order to make it pipeless will vary 
with the size of the ingot, the temperature of the metal, the rate 
of cooling, the composition of the steel, etc. In each mill the 
most desirable manner of conducting the overflow method will 
have to be ascertained by a few preliminary experiments. 
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Connection between Molds.—A suitable connection between 
molds had to be devised, and this important point was finally 
solved with complete success by using the molds illustrated in 
Fig. 6. They will be seen to be three-sided molds, each mold 
moreover being in two sections for convenience in stripping 
When these molds are properly assembled and fastened together, 
each two adjacent molds have a common wall between them, at 
the upper part of which a groove is provided for the overflowing 
of the metal from one mold into the next. These molds have 
given very good satisfaction. They are, if anything, less expen- 
sive than the ordinary style of molds used in crucible steel manu- 
facture. 

Teeming.—It was found undesirable to teem directly into 
the molds, as in doing so the metal is agitated to too great a depth 
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during the teeming to allow of the quict, undisturbed, cooling 
desired. To avoid this disturbance caused by the fall of the 
metal into the mold, a receptacle was used, shown in Fig, 7, and 
which consists of a crucible-like appliance provided with a false 
bottom. Each bottom is provided with one hole of suitable size. 
This crucible rests upon the mold into which it is desired to teem 
and the steel is poured into it in the usual manner. ‘The metal 
flows into the lower chamber and from it into the mold. The 
relative sizes of the holes are so regulated that the lower chamber 
is being constantly drained. In this way the 
fall of the metal is broken and the steel in 
falling into the mold -produces very little 
agitation of the molten top. 


Bessemer and Open-hearth Steel Ingots, 
was quite natural to first apply the method 
to the casting of crucible-steel ingots, but ex- 
periments are now under way to ascertain its value in casting 
Bessemer and open-hearth steel ingots. 

We desire to express here our warmest appreciation to the 
management of the Simonds Manufacturing Company, which not 
only allowed the tests to be made in their mill, but rendered us 
invaluable services through their intelligent co-operation and 
good-will. We are especially indebted to Mr, Daniel Simonds, 
President of the Simonds Manufacturing Company; to Mr, L. 
E. Howard, Superintendent; to Mr. W. C. Bird, Chemist, and 
to Mr. W. G. Merriman, Superintendent of the steel mill. 
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DISCUSSION. 


James Curistre.—In dealing with the subject of piping and M®. Christie. 


porosities, it is an open question whether it is more practicable to 
prevent these cavities in the ingots or to close them after they 
have been created. 

In the early days of Bessemer steel, when ingots were all pressed 
or hammered, we heard nothing of faults in finished material due 
to the existence of cavities in the ingots. Nowadays, when in- 
gots of large section are hastily passed through the blooming mill, 
we are well aware that the most powerful mill has little effect in 
solidifying the ingot. The question arises—and I have been sug- 
gesting it for many years—should we not have a squeezing pro- 
cess as a preliminary to the rolling ? A powerful press that would 
bear the same relation to the blooming mill that the squeezer did 
to the puddle mill, and which, by a couple of alternate compres- 
sions, would thoroughly solidify the material and convex the ends 
of the ingot before it passes into the mill. Such a press and 
operation would not cause delay or reduce the output of material. 
Its expense would be the interest on the machine and the cost of 
operating it. The advantages would be solid ingots and less loss 
from croppings and discards. This compression would have a 
tendency to break coarse crystallization resulting from the casting 
heat ; and it is probable that by some such treatment we would 
hear very much less of faulty structures in finished bars of large 
section. 

The interior of the ingot as it enters the blooming mill is usu- 
ally in a plastic or semimolten condition, and in this condition of 
the interior there would probably be little trouble in welding up 
cavities under the compression above proposed. 

ALBERT SAUVEUR.—A few words in reply to Mr. Christie’s 
remarks. First, as to the old English rails to which he has re- 
ferred, I believe those were low-carbon rails; most of those early 
steel rails were very low-carbon rails, and it is well known that 
a low-carbon steel does not pipe by any means as much as a 
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medium-high carbon steel. I had in mind more especially the 
case of rails of medium-high carbon steel and T should like to 
confine my remarks to that class, We all know that the present 
tendency is to increase the carbon in rail steel, and therefore 
the tendency of piping also becomes greater, As to Mr, Christie’s 
remark that in order to close the pipe it is only necessary to exert 
enough pressure, I must take exception to that statement. Those 
who have looked carefully into the matter know that high-carbon 
steel will not weld, no matter how much pressure may be applied. 
The pipe may be closed, but its walls will not weld, Tf such a 
steel be subjected to an etching test, [am confident that the trace 
of the pipe would be revealed, 

Jasper Warrine.The reason why piped ingots will not 
weld under the hammer is because an oxide is formed by the 
action of the air on the molten steel within the pipe. T might 
say further, in reference to Mr, Christie's remarks, that the 
drawing (Fig. 1) is, I believe, a reproduction of a photograph 
taken of an ingot of the same composition as that shown in the 
photographs (Fig. 5), where the pipe is seen to have been eliminated. 

Kk. H. Marri. While there may be more or less of a 
cavity at the top of any cast ingot, I do not believe that in good 
Bessemer steel practice an ingot cast at normal temperature ever 
has as bad a pipe as that in the illustration (Mig. 1) exhibited 
by Mr, Sauveur, I should like to ask the speaker to tell us some- 
thing about the condition of the outer surfaces in the smaller 
ingots (Fig. 5). 

Mr. Sauveur.—At first we had some trouble in getting 
ingots with smooth sides, as the stream of metal in flowing from 
one mold into the next had a tendency to strike against the opposite 
wall which, of course, produced a rough side; but by properly 
shaping the groove between the walls we succeeded in deflecting 
the flowing metal so that it took the right direction, falling exactly 
in the center of the molds, 

Mr. Marrin.—Unless the initial temperature of the metal 
be very high, T should think the metal would become too cold 
and “stick? at the last, 

Mr. Sauveur.—-That would be the case if you should try 
to extend the process too far, It is merely a question of limiting 
it to whatever number of molds will give smooth-sided ingots, 
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Mr. Marrin.—What is to prevent the burning of the sides 
of the molds by the constant pouring of the metal? I refer espe: 
cially to the first two molds. With the constant stream of hot 
metal passing over them would you not find what we call ‘stickers’ 
at the top? 

Mr, SAuveur.—These experiments were made with three- 
sided molds, made in two sections, ; 

Mr, Marrrn.—-Did you find that you could pull them apart? 

Mr. SAuveur.—We had no trouble whatever when we 
devised the right kind of mold, ‘The application of the process 
to open-hearth and Bessemer ingots is now being worked out, 

Mr, MArtin.—I tried the same thing with 0.35 carbon steel 
in 1890, and my experience was that the first three molds would 
stick together at the top, and while I obtained comparatively 
solid ingots, I could not use them becatise they were practically 
all in one mass, 

Mr. SAvveur.—I want to confine my remarks to small, 
crucible steel ingots. A little later I may have something to say 
concerning the casting of open-hearth and Bessemer ingots. 

Mr. Martin.=I do not believe you could get large ingots 
with smooth surfaces; and rough surfaces would be just as bad 
as the pipe, because you could not get smooth bars from such 
ingots. 

THe Presment.—May I be allowed just a word? It has 
been a favorite thought of mine for many years in studying steel, 
that one of the difficulties in making steel such as is shown by 
this ingot, is probably augmented, if not in a measure caused, by 
a certain peculiarity which Mr. Christie mentioned, namely, the 
speed of working. One of my old teachers used to say to me 
two things: First, “Chemical reactions do not take place unless 
substances are in contact’; and, second, “Time is an element in 
all chemical reactions.’” No one will deny that the Bessemer 
process of making steel is full of chemical reaction, and if T am 
right there is in the bath at the end of the blow a large amount 
of oxide of iron, produced during the blow. The final additions 
of manganese and carbon are supposed to remove that oxide, but 
my queryis whether time enough is allowed, after the final additions 
are made, for the deoxidizing material to get in contact with the 
oxides? If we could by chance or in any way get a little more 
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interval between the final additions and the ultimate solidification 
of the metal in the mold, I believe many of the difficulties of 
making steel would partially, at least, disappear, I cannot help 
believing that the failure to close up and weld is due, in part at 
least, to oxides, and that the rails which Mr, Christie spoke about, 
of the old English steel, which were solid and good, and which 
he thinks were produced possibly by squeezing under the hammer, 
were more slowly made and therefore better steel. My solution 
for the bad tops of ingots is more time after the final additions 
are made, until the metal becomes solid in the mold. 

Avert SAUVEUR.—Just a few more words as to this piping. 
Apparently the ingots which we use for rail-emaking have no pipes 
at all, or if they have a pipe it is quickly closed and does no harm, 
I may have been mistaken in my views; but it is hard for me to 
believe this. Ingots which Mr, Martin has spoken of have so 
little pipe as to make this one look very large in his eyes. Accord- 
ing to Mr. Christie, the pipe does very little harm because it can 
be closed up. Nevertheless, we know from experience that it 
does a great deal of harm, If it be thought that the pipe. does 
not do any harm, there surely should be no objection to have 
a first-rate test of the matter, Tf it be claimed that the first rail 
from an ingot contains no pipe at all, by all means let us test that 
particular rail, 


NICKEL STEEL: ITS PROPERTIES AND APPLICATIONS. 
By ALBERT Lapp CoLBy. 


In 1899, in discussing the well-known paper of Mr. James 
Riley, the father of nickel steel, Mr. Snelus remarked that Shake- 
speare told them that they might find “tongues in trees, sermons 
in stones, books in running brooks, and good in everything,” 
and those who had studied meteorites appeared to have overlooked 
the fact that the metallic meteorites consist largely of alloys of 
iron and nickel, the practical applications of which they were 
now for the first time becoming acquainted with, in alloys of iron 
and nickel produced by themselves. “He was ashamed that he, 
himself, had so long overlooked Nature’s teachings.” 

While my search through the proceedings of scientific societies 
for the past eighty years shows that Mr. Snelus was a little severe 
in his criticism of his fellow-ironmasters, inasmuch as the advan- 
tages of alloying nickel with iron and steel have been known and- 
acknowledged by many investigators over a long period of years, 
it is nevertheless true that Mr. Riley was the first to publish a 
series of practical experiments proving the valuable properties 
possessed by nickel steel, and pointing out many of its important 
applications. 

In 1822, Stodart and Faraday published their experiments 
made at Sheffield in the alloying of nickel and iron. A little 
later Berthier made some similar experiments in France. 

In 1830, Wolf, of Schweinfurt, Germany, put some nickel- 
iron alloys on the market, which he called “Meteoric Steels.” 
They were damasked, and Liebig comments on their magnificent 
appearance in a note in the Annalen der Pharmacie, and states 
that this alloy is destined to be developed in the near future. 

In 1853, Fairbairn published some experiments undertaken 
to determine the strength of some alloys of nickel and iron similar 
in composition to meteoric iron. 

At the Exposition held in New York, in 1853, Philip Thurber 
exhibited several samples of nickel steels produced from a nickel- 
iferous limonite. 
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In 1858, Sir Henry Bessemer made an experimental 3 per 
cent. nickel-iron alloy, with a view of making what he termed 
“Meteoric Iron Guns.’ He did not, however, pursue the subject, 
nor publicly refer to the matter until 1896. 

Percy, in his Metallurgy, published in 1864, refers to experi- 
ments conducted by -Richardson in his [Percy’s] laboratory on 
nickel-iron alloys varying from 1 to 50 per cent. in nickel. 

In 1870, Alex. Parkes, of Birmingham, took out several 
patents for the production of alloys of iron and steel. 

In 1883, John Gamgee made nickel-iron alloys in Connecticut, 

In 1884, A. M. Clark, of London, patented the manufacture 
of a malleable ferro-nickel. 

In 1885, ferro-nickel was manufactured at Marbeau’s Works 
at Montataire, France, under the supervision of Bertheault. 

In 1887, highly carboniferous nickel steels were made experi- 
mentally at the Steel Works at Imphy, France. 

In 1888 and 1889, several French and English patents for 
the manufacture of nickel steel, and its applications, were granted 
to Marbeau, Schneider, Riley and Hall. 

It is therefore evident that the advantages of alloying nickel 
with iron and steel have been known for some time. The credit 
of making the first systematic series of practical tests on nickel 
steels belongs, however, to Mr. James Riley, then of Glasgow, 
whose elaborate paper on ‘‘The Alloys of Nickel and Iron”? was 
read by him before the Iron and Steel Institute of Great Britain, 
on May 8, 1889. From a discussion of this paper it appears that 
J. W. Hall, of Sheffield, had been working on similar lines to 
Mr. Riley, but his results had not been publicly put on record. 
Mr. Riley’s paper gave the impetus to the introduction of nickel 
steel in a commercial way. 

Since Riley’s practical and suggestive paper, the technical 
men of many steel works in France, Germany, Great Britain and 
America have made nickel steel, studied its physical properties, 
and have put it on trial for a wide variety of purposes. In this 
work they have been aided by consumers looking for a better 
material, by the scientists connected with the technical universities 
in each country, as well as other independent investigators. 
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MANUFACTURE OF NICKEL STEEL. 


No detailed reference to the melting of nickel steel and its 
subsequent rolling, forging and machining is possible within the 
scope of this paper. As is well known, nickel steel is melted 
in both the acid and basic open-hearth furnace, in the Bessemer 
converter and in the crucible. From personal observation, the 
writer has found that the valuable properties of this special steel 
have been recognized and applied by the principal steel-makers 
of Great Britain and the Continent, as well as by several of the 
steel-melters of America. The physical constants of the metals, 
nickel and iron, are so closely allied, a fact proven by their occur- 
rence in metallic meteorites, that no special precautions, other 
than those incident to good melting practice, are necessary during 
any of the above standard processes of steel-melting, in order to 
insure a thorough mixture of the nickel and iron in the manu- 
facture of nickel steel of any desired percentage of carbon, and 
with or without the presence of special elements, such as chromium, 
manganese, tungsten, molybdenum, etc. This fact is of great 
practical importance, especially in such applications as armor 
plate, marine and stationary shafting and engine forgings, rails 
and bridge material, which necessarily involve the casting of large 
masses of this special steel. Precautions must be taken in the 
rolling or forging of nickel steels, and especially in their final 
heat treatment; the steels below 15 per cent. nickel are also some- 
what more difficult to machine than simple steels of the same 
carbon content. These difficulties have, however, formed no 
serious barrier to its successful introduction for a wide variety 
of purposes. 


PHYSICAL PROPERTIES OF NICKEL STEEL AS COMPARED WITH 
CARBON STEEL. 


When the physical properties of nickel steel, as compared 
with those of carbon steel, are better known and more fully 
appreciated, the amount now used for the purposes for which 
it has already been successfully introduced will be considerably 
augmented and new applications will undoubtedly result. It is 
appropriate, therefore, to review some of the more striking phys- 
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ical properties, obtained as suggested by Snelus, by “following 
Nature’s teachings and alloying nickel with iron.” 

Modulus of Elasticity—The modulus of elasticity or “ coeffi- 
cient of elasticity” of such materials as steel, which have a well- 
defined elastic limit, is determined by dividing the tensile stress 
in pounds per square inch at any point in the test below the elastic 
limit, by the elongation per inch of length produced by said stress. 
The modulus of elasticity which may therefore properly be regarded 
as the measure of the stiffness of the material is remarkably con- 
stant in steel notwithstanding great variations in chemical analysis, 
temper, etc. Young’s modulus is practically the same for both 
tool steel containing 1.40 per cent. carbon and for the mildest steel - 
used in boilers. The modulus of elasticity of steel is, in fact, 
rarely found to be below 29,000,000 or above 31,000,000, and is 
generally taken at 29,500,000 or 30,000,000 in engineering calcu- 
lations. 

A prejudice exists against nickel steel in the minds of some 
engineers owing to items which have appeared in the technical 
journals that the modulus of elasticity is lower in nickel steel than 
in carbon steel. The fact is, however, that while the high nickel 
steels, especially those containing 20 per cent. nickel or over, do 
have a lower modulus of elasticity than carbon steel, nickel steels 
containing say 4 per cent. of nickel or less, such as are applicable 
for shafting, forgings, bridge construction, rails, etc., have the 
same modulus of elasticity as carbon steel, viz., in the neighbor- 
hood of 29,000,000 pounds per square inch. 

In proof of this assertion, the writer could quote the result 
of many calculations of the modulus of elasticity of various steels, 
containing below 5 per cent. nickel, made from the detailed records 
of the physical tests published annually by the United States 
Army Testing Laboratory at Watertown, Mass., under charge 
of Mr. J. E. Howard, the accuracy of whose work is beyond 
question. Evidence could also be cited from the experiments 
of foreign scientists such as Mercadier, Wedding, Rudeloff and 
Guillaume, all of whom support the above assertion that the 
presence of 4 or 5 per cent. of nickel in steel has no appreciable 
effect in reducing its modulus of elasticity. 

Tensile Strength and Elastic Limit.—If space would permit, 
a large amount of evidence could be cited to prove that nickel 
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steel is chiefly distinguished from simple carbon steel by its pro- 
portionately high elastic limit. Furthermore, if 3 per cent. nickel 
is alloyed with an open-hearth steel of 0.25 per cent. carbon, it 
produces a metal equal in tensile strength to a simple carbon steel 
of 0.45 per cent. carbon, but having the advantageous ductility 
of the lower carbon steel. 

On low-carbon steels not annealed, the addition of each 
I per cent. of nickel up to 5 per cent. causes, approximately, an 
increase of 5000 pounds per square inch in the elastic limit ‘and 
4000 pounds in the ultimate or tensile strength. The influence 
of nickel on the elastic limit and ultimate strength increases with 
the percentage of carbon present; high-carbon nickel steels show- 
ing a greater gain than low-carbon nickel steels. 

In short, the addition of nickel to steel raises the proportion 
of elastic limit to ultimate strength and adds to the ductility of 
the steel. This effect of nickel in increasing the ratio of the elastic 
limit to tensile strength, without sacrifice in ductility, accounts 
for the increase in the working efficiency of nickel steel over 
carbon steel; in other words, its increased resistance to molecular 
fatigue. 

Elongation and Contraction of Area.—The comparison of the 
results obtained from a large number of tests cut from full-sized 
prolongations of forgings of both carbon steel and nickel steel, 
show that for a given tensile strength the presence of 3 to 4 per 
cent. of nickel increases the elongation and to a greater extent 
the contraction of area. On the other hand, comparing simple 
carbon steel and 3 to 4 per cent. nickel steel of the same carbon 
content, the nickel steels will be found to have from 35 to 40 per 
cent. greater tensile strength, with practically the same elongation 
and contraction of area as the simple carbon steel. This increased 
ratio in the nickel steel, of ductility to elastic limit and tensile 
strength, is another index of its increased value over carbon steel 
for purposes where in service the material must resist severe and 
sudden shocks or rapidly repeated alternating stresses. 

Effect of Compression —The exhaustive series of experiments 
made by Wedding and Rudeloff show that the resistance to 
compression of nickel-iron alloys increases steadily with the per 
cent. of nickel present, until 16 per cent. of nickel is reached. 
Hadfield has also made a very complete series of experiments 
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on the resistance of nickel steel to compression. He has found 
that a steel containing 0.27 per cent. nickel shortened, under a 
compression of 100 tons (224,000 pounds) per square inch, 49.90 
per cent. in a length of 1 inch; a steel with 3.82 per cent. nickel 
shortened 41.38 per cent.; with 5.81 per cent. nickel, 37.76 per 
cent.; and with 11.30 per cent. nickel, only 1.05 per cent. He 
states that an ordinary mild carbon steel without nickel, under 
similar conditions, would be shortened 60 per cent. to 65 per cent. 
He also states that the increased resistance to compression of 
nickel steel is not due to its hardness, an important point in the 
practicable application of nickel steels where machining is neces- 
sary. He argues that the toughening action of nickel when added 
to steel is caused by a very intimate combination of the molecular 
structure, and that this advantage is further enhanced by the fact 
that the nickel does not show a disposition to segregate in steel 
like other elements; in other words, it appears to be more intimately 
combined. 

A striking illustration of the ability of nickel steel to resist 
compression was exhibited to the writer in 1900 by Holtzer & Co. 
A cylinder 7.87 inches in height, 6.97 inches external diameter and 
walls of 0.73 inch in thickness, cut from a nickel-steel gun hoop, 
was compressed by a load of 886 gross tons down to a height of 
4.72 inches. The internal fibers were thereby extended 46 per 
cent., and without the formation of any cracks. 

Rigidity.—The superior stiffness of nickel steel over carbon 
steel without any sacrifice in its towghness has been proved in 
numerous applications coming under the writer’s observation; 
this combination of properties forms one of the strongest argu- 
ments in favor of the use of nickel steel for a wide variety of 
applications where the service demands a rigid, as well as a 
strong, elastic and tough material. H. A. Wiggin states that 
in his experience he found that nickel steel under the drop test 
gives better results than carbon steel, even ih a greater ratio of 
superiority than exists in the comparison of the tensile tests of 
the two steels. 

J. G. Eaton made a comparative test of nickel-steel plate 
and carbon-steel plate, with a view of subjecting both plates to 
the same strains as those experienced by bottom plating. Both 
plates were riveted to angles in a manner intended to imitate 
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the riveting of a ship’s plate between the frames. A round- 
faced punch placed on each plate was then struck by a heavy 
falling weight. Each plate endured thirteen blows before rup- 
ture, and at the next blow each plate showed a clear aperture; 
that in the carbon-steel plate, however, was 237/5 square inches 
in the clear, while the aperture in the nickel-steel plate was three- 
quarters of a square inch; a ratio, therefore, of 30.5 to 1 in favor 
of nickel steel. : 

D. H. Browne states that a 3 per cent. nickel steel shows about 
48 per cent. greater stiffness and 45 per cent. greater toughness 
than carbon steel; the word “stiffness” referring to the amount 
of deflection produced by the blow, while the word “toughness” 
refers to the number of blows required to produce the rupture. 

Cold and Quench Bending Test.—Nickel steel will resist 
bending both before and after quenching better than carbon 
steel of similar tensile strength. This has been strikingly illus- 
trated in a long series of practical tests made on nickel-steel plates 
by Mr. Beardmore at his Parkhead Steel Works at Glasgow, 
Scotland. These tests included quench bends, cold bends, and 
also cold-bending tests of the nickel-steel plates with holes drilled 
in the tests prior to the bending. The results of Hadfield’s careful 
experiments on the bending properties of cast and forged nickel- 
iron alloys, varying from 0.27 to 49.65 per cent. of nickel, may 
be summarized in his statement, “that from about 2.50 to about 
6 per cent. nickel the bars certainly showed greater bending angles 
than those of any other iron alloys experimented on,” by him. 

In a series of comparative tests of carbon steel and nickel 
steel, such as is used for forgings, made at the works of the Beth- 
lehem Steel Company, the writer obtained bending tests on the 
unannealed, annealed and oil-tempered nickel and carbon steels 
which show the superiority and freedom from brittleness of the 
nickel steel. The accompanying photograph was made of the 
mounted test specimens; it gives the photomicrographs of both 
kinds of steel under the different conditions of heat treatment. 
A comparison of the physical properties of the two steels is as 
follows: 
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Hardness of Nickel Steel—It has been definitely proved that 
a very low-carbon steel cannot be made hard by the mere addition 
of nickel. Nickel steel is tougher than carbon steel, but is not’ 
harder in the true meaning of this latter term. 

The hardness of nickel steels, below about 15 per cent, of 
nickel, depends upon the proportion of nickel and carbon jointly. 
Thus, while a steel with 2 per cent. nickel and 0.90 per cent. carbon 
cannot be machined, a steel with 3 per cent. nickel and 0.60 per 
cent. carbon can be machined. The freedom from hardness of 
comparatively low-carbon nickel steel is strikingly illustrated by 
the writer’s experience in cutting with a penknife the rifle-barrels 
made at Bethlehem of steel containing 4.50 per cent. nickel and 
0.30 per cent. carbon, and yet this steel had an elastic limit of 
over 80,000 pounds and a tensile strength of over 100,000 pounds 
per square inch. 

At 20 per cent. of nickel, as stated by Riley, successive incre- 
ments of nickel tend to make the steel softer and more ductile, 
and even to neutralize the influence of carbon, 

Resistance to Torsion.—Nickel steel resists torsion or twisting 
stress better than the same class of carbon steels. 

Riley’s experiments indicate that it is not necessary to use 
steels high in nickel to obtain the best effect in torsional resistance, 

The writer has found that several of the French steel works 
have appreciated this property of nickel steel by applying it for 
the manufacture of special wire and springs. 

Resistance to Wear or Abrasion.—The rigidity and toughness 
of nickel steel makes it a desirable metal where, in service, the 
material is subjected to wear or abrasion. 
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This has been proved in practice by a comparative trial of 
nickel-steel and carbon-steel rails on sharp curves on the Penn- 
sylvania lines. About five years ago 50 tons of nickel-steel rails 
were laid on a 4-degree curve near New Salisbury, of the Cleve- 
land & Pittsburg Division of the Pennsylvania lines. In June, 
1899, the Pennsylvania Railroad placed an order with the Carnegie 
Steel Company for 300 tons of nickel-steel rails. These were 
laid in the ‘‘horseshoe” curve, west of Altoona. The results of 
these trials indicated that the life of a nickel-steel rail was at least 
three to four times greater than that of a carbon-steel rail. This 
increased resistance to wear and abrasion has resulted in the sale, 
by the Carnegie Steel Company, of some 10,000 tons of nickel- 
steel rails, to be laid mostly on curves, on the Pennsylvania lines, 
the Baltimore & Ohio, the New York Central & Hudson River, 
the Bessemer & Lake Erie and the Chesapeake & Ohio Rail- 
roads.* 

Further evidence of the value of nickel steel to withstand 
abrasion is found in the results of experiments carried on by one 
of the French railroads in the trial of nickel steel for locomotive 
tires. 

Expansion of Nickel Steel—The coefficient of expansion of 
nickel steel varies greatly with the percentage of nickel present, 
especially in the series of nickel steels containing from 20 to 45 per 
cent. of nickel. The 36 per cent. nickel steel, called in France 
“Invar” (from the word “invariable”), has a lower coefficient 
of expansion than any other metal or alloy known. 

Guillaume, of the International Bureau of Weights and 
Measures, the best authority on this subject, and whose opinion 
is also supported by other experts, states, however, that there is 
no practical difference between the expansion of simple carbon 
steel and of steel containing up to 5 per cent. of nickel. In the use, 
therefore, of low-carbon 3 to 5 per cent. nickel steels in bridge- 
construction, the same allowance for expansion can be made as 
when carbon steel is used. This is an important point, especially 
when both carbon steel and nickel steel are to be used in the same 
structure. 

The different coefficients of expansion of steels, containing 


* See remarks of Messrs. John McLeod and C. B. Dudley, pp. 156 and 158. 
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from 30 to 45 per cent. of nickel, have resulted in their application 
in France and Germany for a wide variety of purposes, which will 
be referred to later. 

Effect of Punching and Shearing on Nickel Steel.—Beard- 
more, the Scotch steel-maker, after an elaborate series of tests, 
places the loss of strength due to punching ordinary mild steel 
at 33 per cent. of the original strength, and claims that the loss of 
strength in punching nickel steel varies from 15.5 to 20 per cent. 
of the original strength, and, furthermore, that on thicker sections 
of nickel-steel plate the loss of strength is only about 10 per cent. 
A number of other experimenters have also found that nickel-steel 
plates are not weakened by punching to as great an extent as 
carbon-steel plates. 

There is ample evidence that the presence of nickel in steel. 
increases its shearing strength. This is important, especially in 
connection with riveted work, as the strain on the rivet is not 
a simple strain, but rather a shearing or cutting action. More- 
over, in the shearing of nickel-steel rivets, the fracture is fibrous 
and the metal appears to have torn gradually, whereas in ordinary 
carbon-steel rivets the metal breaks off short. 

From the results of a comparative test made at Bethlehem 
on nickel-steel and carbon-steel rivets, the conclusion was drawn 
that it may be safely deduced that a #-inch nickel-steel rivet will 
replace a 1;/;-inch or even possibly a 14-inch common steel rivet, 
thus effecting a saving of considerable plate section and giving 
increased strength. 

Experiments made by Beardmore, Abraham, and Rudeloff, 
and at the Creusot Steel Works, also testify to the increased shear- 
ing strength of nickel-steel rivets. 

Experiments made by the Société Denain and d’Anzin prove 
that 5 per cent. nickel-steel rivets possess over twice the shearing 
strength of iron rivets. . 

Browne states that the sheared edges of carbon-steel plates 
often cut ragged, whereas nickel-steel cuts clean. 

Segregation: The segregation of nickel itself in steel, and the 
effect oj its presence in checking the segregation of the metalloids 
in steel—The writer’s opinion, based upon a large number of 
chemical analyses made at Bethlehem, is that nickel in itself 
segregates but very slightly, even in large armor plate and shafting 
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ingots. This is natural, as the atomic volume, atomic weight, and 
specific gravity of nickel are similar to those of iron. 

Some experimenters testify that nickel tends to check the 
segregation in steel of the other elements such as sulphur, phos- 
phorus, carbon, manganese, and silicon. Mr. Hadfield thinks 
that the tendency of nickel to check segregation is probably due 
to the fact that it raises the melting-point of the carbides or cement- 
ing material and causes the whole mass to set more nearly together, 
and quotes in proof that nickel-steel ingots have a finer grain than 
carbon-steel ingots. Mr. Chase, of the Midvale Steel Company, 
states that “nickel is supposed to lessen the segregation and liqua- 
tion of carbon by combining with the carbon which cements the 
particles of iron together, and thus bringing the specific gravity 
of the carbon compounds nearer to that of the rest of the alloys 
in the fluid mixture. It also seems to cause this cementing carbon 
to solidify at more nearly the same temperature as the other alloys.”’ 

Mr. Campbell, of the Pennsylvania Steel Company, made a 
series of tests to prove what he states to be the current impres- 
sion among manufacturers of nickel steel, that the presence of 
this element prevents segregation. His conclusion is that there 
seems to be good ground for the assumption that nickel prevents 
the separation of the metalloids, but that it does not prevent it 
altogether, and he states that it is not probable that any other 
agent will ever be found competent for this task. 

Within the limits of this general review, it is impossible to 
refer in detail to the interesting subjects of the heat treatment, 
the critical points, the molecular relation of nickel to iron and 
carbon and the microstructure of nickel steels; the effect of extreme 
temperatures and the electric and magnetic properties particu- 
larly of steels containing over 20 per cent. of nickel. 

Sufficient evidence has, however, probably been presented to 
prove that nickel steel possesses many advantages of practical 
importance over simple carbon steels, and the engineer looking 
for a trustworthy material will be convinced by what has been 
presented that it is safe to give nickel steel a practical trial. 

In the preceding pages the writer has shown that alloys of 
nickel and iron have long been made, and that their principal 
physical and chemical properties have been carefully studied. 
He now proposes to briefly summarize the applications of nickel 
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steel which have come under his personal observation, hoping 
thereby to convince the engineer who looks upon nickel steel 
as a new material, that he is warranted in giving it a trial owing 
to the success which has already attended its practical trial, at 
home and abroad, for a wide variety of purposes. 


APPLICATIONS OF NICKEL STEEL. 


The advantageous physical properties of nickel steel over 
carbon steel just briefly reviewed cannot fail to suggest numerous 
applications where this special steel is of decided practical advan- 
tage and where the demands in service amply warrant its somewhat 
increased cost. 

That the properties of this material have been fully appre- . 
ciated in some instances is proven by the large number of purposes 
to which it has been applied both in this country, in England and 
on the Continent. 

Within the limits of this paper the applications for nickel 
steel which the writer has found during the past year’s special 
study of this subject can be but briefly summarized. 

As is well known, the advantages of nickel steel for armor 
plate have been recognized for some years, so much so that nickel 
steel, with or without chromium, is now used entirely by the 
manufacturers of armor plate in all countries. It is used also 
for the manufacture of ammunition hoists, communication tubes 
and turrets on battleships, for gun shields and for armor-plate 
bolts, and also for the large safe-deposit vaulis made of Harveyized 
nickel-steel armor plates. 

Nickel steel is used for a wide variety of forgings and drop 
forgings, including the axles and certain other parts of auto- 
mobiles, marine-engine forgings, shafting and crank shafts for 
government and merchant marine, stationary-engine forgings 
and shafting and locomotive forgings; the latter including aves, 
connecting-rods, piston-rods, crank-pins, crossheads, links, link- 
pins, and pedestal cap bolts. Also for forged piston rods for steam 
hammers and rock drills, sea-water pumps, stationary engines, etc. 

It has been applied for the manufacture of axles not only 
for automobiles and locomotives, but for electric, passenger and 
freight cars, field-gun carriages, etc. 
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The advantages of nickel-steel castings are also being gen- 
erally recognized. Test specimens cut from coupons from annealed 
nickel-steel castings can be guaranteed to show an elastic limit 
of 50,000 pounds, as determined by an electric micrometer, with 
an elongation in 2 inches of at least 18 per cent. In some loco- 
motives now building, nickel-steel castings have been used for 
all of the following parts: Frames and rails, driving wheel centers, 
driving boxes, driving cellars, drawhead pocket, rocker shaft, guide 
yoke knees, eccentric straps, equalizing beams, reverse shaft, cross- 
ties, lijting links and crossheads. 

Nickel-steel castings have also been introduced for large 
hydraulic cylinders and for the crank webs of shafting, for propeller 
blades, rudders, large pinions, gearing and gear-wheel blanks, and 
also for plate roils. 

Rolled nickel steel in the form of rounds, billets, flats, etc., 
has received a wide variety. of applications, including bolts, loco- 
motive stay bolts, pedestal cap bolts, rivets, bicycle chains, holding 
down bolts for gun mounts and other parts of ordnance. 

The application of nickel steel for rails and splice bars has 
already been referred to. It is about to be applied in this country 
for the manufacture of locomotive tires. It has been successfully 
tested abroad for this purpose, both in England and in France, 
and also for the manufacture of frogs and switches. 

There is little doubt but that in the near future nickel steel 
will enter into bridge construction and for certain structural pur- 
poses. Its properties are especially attractive for long-span 
bridges and also in cases where the element of freight enters so 
largely into the cost of the structure as to make lightness in con- 
struction a desirable factor. 

Besides armor plate, nickel steel has been used to a consid- 
erable extent for deck, hull and ship plate, and it has been widely 
used abroad, especially in France, for artillery plate, including 
the plates used in the construction of ammunition wagons, artillery 
boxes, cartridge boxes, etc. It is about to be tried for locomotive 
fire boxes and boiler plate, and these results will be watched with 
considerable interest. It has also been used abroad for air reser- 
voirs for torpedo boats, and for tanks for compressed oxygen, 
carbonic acid, hydrogen, etc. 

Nickel steel enters into the construction of ordnance to a 
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considerable extent, especially abroad, inchuding gun forgings, 
rifle barrels and small arms, revolvers, gun shields, powder 
tubes, projectiles, shrapmell, shot, shells, ete. 
Im the form of were, mickel steel has received many applica- 
tions, including resistence were as a substitute for German silver, 
ware cables for wet mimes, ferpede defence neiting, electric lamp 
were as a substitute for platinum wire, umbrella wire, corset wire, 
and also a large number of special applications where the desired 
property 1s a low coefficient of expansion, such as wire used in 
the manufacture of ermored glass, in the mounting of lenses, 
mtrvors, level imbes, etc. and for belences for clocks, measuring 
rods, measuring wire, rules, pendulum rods, thermosiats, rheostats, 
weighing machines, circuit breakers, etc. 
High-carbon nickel steels have also been introduced to a_ 
considerable extent abroad for special sprimgs, both in the form 
of wire and flats. Quite a number of éeol sieels on the market, 
especially the foreign steels, contain a certain proportion of nickel. 
Nickel steel is also used for dies, taps, set-serews, cuilery, tableware 
and hermess mountings. 
Some of the lower nickel steels when drawn into éubes furnish 

a very stiff material with an elastic limit of about 100,000 pounds, 
applicable for all sorts of machine construction where strength 
and hghtness must be combined. The field for this application 
of nickel steel is a wide one, and after a few manufacturing diffi- 
culties have been overcome, this class of tubing will be placed 
on the American market. 
One of the most promising applications for high-nickel steel 

is for non-corrosive seamless tubing jer automobile beilers, leco- 
motive boilers, stationary betlers, marine boilers, and marine con- 
demsers, and for ges engine hei tubes. This tubing has recently 
been introduced on the American market by the Shelby Steel 
Tube Company. It is manufactured from a 30 per cent. nickel 
steel of domestic manufacture. The increased initial cost of these 
high-nickel steel tubes is fully offset by the following advantages: 
1, Obtaining a practically non-corrosive tube, thus avoiding 

the expense of the frequent renewals due to the “pitting” of both 
iron ee low-carbon steel tubes, 
2. Increasing strength over iron and steel tube, thus allow- 

ing, without risk, the use of a tube of lighter gauge, which insures 


Conny on Niekwh Sem, 15 


A daving in the original weight and eost, as well ag an inerense 
in aledming eflieleney, 

4. ‘These tubes, when they finally are taken out of boiler, 
can be sold to steel companion making miekel steel, at the market 
price of pleeltube serap, plua about twenty eenta per pound for 
the contiined niekel, 


CONCLUSION, 


It will probably be « surprise to many, to note from the 
above summary the wide variety of purposes for which nickel 
aleel haw been already suecesafully applied, ‘The United States 
id perhapa in the lead in the applications which have been made 
of 3 to 4 per cent, nickel steely, Tranee ip undoubtedly in the 
lead in the applications of the higher niekel steels, 

‘The wide range in phyaleal properties of ateels containing 
from 2 to 4§ per eent, nickel, and the variations in each grace 
resulting from different earbon eontent, or the presence of some 
spechil element aueh as chromium, molybdenum, tungsten, ete, 
makes the atudy of the alloys of nickel, ron and carbon impera- 
live fo the engineer in aeareh of a safe material with an exeep= 
tionally advantageous combination of phyaleal properties, 

It in hoped Chat this brief and imperfeet review of the physical 
properties and applications of nickel steels will awaken an interest 
among engineers and consumers in this alloy made by combining 
the elements, iron and niekel, ao closely allied in their physical 
properties; or, aa Snelus has told ua, “made by following Nature's 
teachings,” 


Mr. McLeod. 


DISCUSSION, 


Joun McLeop.—Our President has requested me to open 
the discussion on this subject, Nickel Steel. I think it is a fact 
that has been noted by all the members of this organization who 
have been members two or three years, that each year has brought 
to this body new problems to solve. This body is rather complex, 
being composed of engineers and representatives of manufacturers 
and consumers. I know from my own experience that there have 
been each year new demands on the engineer made by the con- 
sumer, and in turn by the engineer on the manufacturer. The 
manufacturer asks engineers for ways and means of meeting new 
conditions. I know that in the different machines at our own 
mills there have been found parts that have failed from time to 
time. We have endeavored to meet these failures by changing 
the grade of steel from soft to hard. When we continued to have 
trouble we commenced to increase the sections, and still meeting 
with trouble from breakages, we finally resorted to the use of 
nickel steel with most satisfactory results. Up to the present we 
have found great relief in not having had further breakages, 
which to a mill man, you know, means expense; and expense 
always means annoyance. 

In the matter of the uses of nickel steel I think there is much 
yet to learn. There have been but few phases of this question 
which we feel have been, even in a measure, demonstrated. I 
think, however, we can say as manufacturers, and I think that 
some at least of the engineers will agree with us, nickel steel when 
used as a metal to oppose abrasion is certainly much superior to 
the plain carbon steel used heretofore. This has been in a measure 
demonstrated by a trial of nickel-steel rails on the part of a rail- 
road company. 

The verdict has been—and the verdict is that of the railroad, 
not of the manufacturer—that the nickel-steel rails furnished 
outwore four carbon-steel rails such as would have been furnished 
under the current specifications for that particular point on that 
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particular road. However, the Engineer of Maintenance of Way 
of that road stated that he felt the manufacturer, in his attempt 
to make a rail which would resist abrasion, had gone possibly 
a step too far; that the rails in question were probably a trifle 
harder than he would care to recommend. He said that advisedly. 
The rails themselves, as I understand, have not given any par- 
ticular trouble on account of their hardness. >The indication of 
their hardness was due to accident when the rails were received. 
Since that time the same railroad company has deemed it advisable 
to go a step farther, and, instead of treating this matter in a 
purely experimental way, has ordered five thousand tons of nickel- 
steel rails and expects to get results which will warrant the ex- 
penditure. These rails, however, will be simply the carbon-steel 
rails as at present ordered by the average railroad of the country 
with an addition of nickel. In the matter of rails, there has been 
a tendency, possibly, to introduce too high a carbon with the 
nickel addition. On the other hand, I think that in many cases 
where nickel steel has been substituted for carbon steel, the 
attempt has been to lower the carbon when introducing nickel, 
and to produce a steel which in point of strength is not very far 
removed from the original carbon steel used for that particular 
purpose. I believe that this is a mistake. I think it is unfair to 
the nickel steel, for the reason that nickel is added to improve 
a product under known conditions, and therefore we should not 
depart from those known.conditions. 

The subject is an interesting one, I think, to all of us. I 
believe that all of the engineers present, and many of the con- 
sumers, have been plagued with annoying breakages. Breakages 
generally mean not only the annoyance of delay, but the annoyance 
of expense and sometimes something more serious than annoyance, 
namely, loss of life. If this discussion should lead to the intro- 
duction of better material for certain purposes, I think that we 
shall be well repaid for all the trouble which has been expended 
on this meeting. I should, therefore, like to ask all the members 
present who have knowledge of and interest in this subject to 
treat the matter seriously, because I know that most of the manu- 
facturers of the country share your interest and are prepared at 
any time to incur almost any reasonable expense to help you solve 
a problem which is certainly a vital one. 


Mr. McLeod, 


‘The Presiden: 


‘t - ea 
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Tue Prestpent.—Gentlemen, I have not very much to say 
about nickel steel, With us, nickel steel is in its trial stage and 
the trials are not yet very extensive. As far as we may be said 
to have reached any conclusion in regard to the value of nickel 
steel, it may perhaps be summed up in this: That where metal 
is to be subjected to abrasion there is little doubt about the value 
of nickel steel. As a concrete example I may say that some 
three or four years ago perhaps a half-mile or more of nickel-steel 
rails were put upon the Kittanning Point curve just west of Altoona, 
a nine-degree curve, one of the hardest curves on the road. The 
rails were put in the No. 3 west-bound freight track. In that 
location the ordinary carbon-steel rails as they are now made 
last about ten months. The nickel-steel rails have worn a little 
over three years, and this spring these rails were taken out of. 
their location and moved down to the straight line in the same 
track to give place to some new nickel-steel rails. They were 
removed not because they were regarded as worn out—although, 
as 1 will state in a moment, there were some defects—but to give 
a chance to try some new orders of nickel-steel rails. The defects 
that have thus far appeared, so far as these rails are concerned, 
were a little tendency for a part of the head to drop off. I do not 
know that 1 can explain to you exactly what is meant, but on 
certain parts of the rail alongside of the head a part of it breaks 
and drops off. I have some pieces in the laboratory now that 
have broker off. It is a fault that is characteristic sometimes 
of carbon-steel rails, and is apparently connected in some way 
with the pipe in the ingot. On the other hand, the rather remark- 
able, and I may say more, the wonderful behavior of the metal 
wader abrasion under the conditions which I have named, as you 
see, three times better than carbon rails in the same location, and 
possibly even better than that, is something that gives us very 
great hope and encouragement. We are now planning to put 
some nickel steel into tires. As has been stated by the author, 
this has already been tried abroad. 

Perhaps this is the place te give you a single thought im regard 
t@ a distinction which we make in railroad work. In places in 
eur constructions, abrasion, that is loss of metal by wear, is the 
great and important matter. Things wear out and must be re- 
placed, due to this fact, and this replacing of parts that have become 
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worn in service, which wear is due to abrasion, is one of the large 
items in the operating expenses of railroads. In other places, 
parts of the structure fail, not due to abrasion, but due to breaking, 
the breaking being caused by repetition of stress. You are all 
familiar with Woehler’s law, which in brief may be stated, that 
any piece of metal subjected to strain a sufficient number of times 
will sooner or later fail. Our most common illustration of failure 
is the car-axle, which, as is well known, is subjected to alternate 
tension and compression with each revolution. If the fibre stress 
is high enough and the number of revolutions great enough, our 
idea is that sooner or later every axle will fail. The same may be 
said of piston-rods, of crank-pins, of locomotive frames, and, 
indeed, many other places might be cited where the parts of the 
structure are subjected to alternate bending or tension and com- 
pression stresses. 

Now in regard to the behavior of nickel steel under these 
varying stresses we are still in doubt. From what Mr. Colby has 
just stated, it would almost seem as though, under alternate 
stresses, nickel steel would behave better than carbon steel, and 
we have some data that point in this direction. We have ten 
nickel-steel piston-rods in service opposite ten carbon-steel piston 
rods on the same locomotives. One of the carbon-steel piston- 
rods has been drawn, and thus far none of the nickel-steel piston 
rods, although they have been in service now over a year. On 
the other hand, we know of nickel-steel piston-rods which have 
failed after very short service; so that we are in doubt, as said 
above, as to the behavior of nickel steel under alternate 
stresses. 

This is hardly the place to discuss that very large question, 
as to what physical properties are characteristic of a steel that best 
resists alternate stresses, but thus far all our experience seems to 
indicate that the most successful resistance is given by the stiffer 
steels. If this be true, it would seem that possibly a little higher 
carbons than are characteristic of many of the nickel steels would 
be desirable, and it is entirely possible that if this modification 
is introduced a nickel steel may be found which will more success- 
fully resist alternate stresses than carbon steel. 

CHARLES WuITING BAKER.—Might I ask Mr. Colby: Has 
the lubrication of nickel steel been investigated to find whether 


The President. 


Mr. Baker, 


Mr, Baker. 


Mr. Colby. 


Mr. Mathews, 
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its very close texture causes any greater tendency to the heating 
of journals made of it than of ordinary carbon steel? 

ALBERT Lapp CorBy.—I am glad Mr. Baker raised this 
point. In a series of tests, on a special machine designed for the 
purpose, it has recently been determined that the coefficient of 
friction of nickel steel is, if anything, less than that of carbon 
steel. The object of the test was to compare, under like conditions 
of lubrication and frictional resistance, nickel steel and carbon 
steel of the composition used for locomotive driving-wheel axles. 
In this special journal-bearing testing machine each of the two 
small test axles was of the same shape and size and carried fly- 
wheels of equal weight. After giving the two axles the same 
initial speed, the source of power was removed and the two axles 
allowed to spin until at rest, the number of revolutions and length 
of time being recorded. After the two axles of the machine had 
worn down to a proper bearing surface, it was found that under 
different conditions and with different kinds of lubricants the 
nickel-steel axle spun longer than the carbon-steel axle. The 
details of this test will doubtless be published later on, when all 
possible changes in lubricants and bearing surfaces have been 
included, but the result so far reached is, I think, quite natural, 
as the denser and finer structure of the nickel steel would tend to 
offer a less resistance to friction. 

Joun A. Matnews.—I should like to ask Mr. Colby if nickel 
greatly lowers the melting-point of pure iron? In general almost 
all metals when alloyed have their melting-points lowered, and it 
occurred to me that in this we have an explanation of the decreased 
segregation which is said to characterize nickel steels. If such is 
the case, may it not be that segregation is lessened because the 
solidifying point of the iron-nickel system is brought nearer to 
that of the compounds with the metalloids contained in the steel, 
such as the sulphides and phosphides of iron and manganese—the 
whole mass solidifying within a narrower range of temperature 
than is the case in ordinary steels, with the result that less time is 
allowed for the migration of certain constituents to the center of 
the ingots. Nickel and iron in themselves are supposed to form 
perfect solutions; solid solutions which we should expect to 
be of a lower melting-point than either of the constituent 
metals. 
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Mr. Coitsy.—I have no data based on actual comparisons 
of the melting-points of alloys of nickel and pure iron with 
the melting-points of the metals themselves. The addition 
of nickel to steel does tend to check segregation, and this must 
be due to the nickel-iron alloys and the metalloid compounds 
becoming solid at more nearly the same temperature than when 
nickel is absent. z 

Mr. Mathews suggests that this narrowing of the range in 
temperature is brought about by a lowering of the melting-point 
of the nickel-iron alloys. Mr. Chase, of the Midvale Steel Com- 
pany, has advanced the theory that the segregation in nickel 
steels is less than in carbon steels because the nickel raises the 
melting-point of the carbides or cementing material. 

Mr. Matuews.—I favor the theory that nickel decreases 
segregation by lowering the melting-point of the iron-nickel 
compound of the steel rather than by raising the melting-point 
of the other constituents, which is contrary to our knowledge of 
the behavior of mixed metals. 

Mr. Cortsy.—Whichever theory is adopted as to the com- 
parative melting-points, the important fact should not be lost 
sight of that the injurious metalloids segregate less in nickel steel 
than in carbon steel. 

G. W. THompson.—I want to ask whether in the use of 
nickel-steel tubes in boilers there might not be electrolysis on 
account of the nickel in the tubes being electronegative to the 
iron or steel in the plates of the boilers? 

Mr. Cotsy.—No difficulties, due to electrolysis, have been 
experienced as yet by the French, Dutch, and German Navies 
who have had 25 per cent. nickel-steel boiler tubes under trial 
in their torpedo-boat boilers for the past three years. So far 
these nickel-steel tubes have proved satisfactory and in some 
cases have lasted three years in places where only a nine months’ 
service of carbon-steel tubes was obtained. 

Mr. THompson.—Electrolytic action would take place on 
the boiler plates or heads, not on the tubes. 

Mr. Corsy.—The foreign trial referred to included the 
entire water-tube boiler made up of nickel-steel tubes and 
carbon-steel boiler plates and tube sheets, and so far no difficulty, 
due to electrolysis, has occurred. Should such be feared, there 
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is no reason Why the plates and tube sheets could not be made 
of the same high-nickel steel as the tubes. 

JAsPeR Wuitinc.—What effect will 35 per cent. of nickel 
have on the critical point of steel? 

Mr. Corsy.—According to Osmond the presence of about 
25 or 26 per cent. of nickel causes a marked lowering of the 
critical points of steel. In a steel sent to him by Mr. Hadfield, 
and containing 24.51 per cent. nickel and 0.16 per cent. carbon, 
Mr. Osmond found the critical points to lie between 40° C. and 
ordinary temperatures. Dr. Hopkinson found the transformation 
point of a steel containing 25 per cent. of nickel to be below 0° C. 
His steel probably contained more carbon than the Hadfield steel 
experimented on by Osmond. 

In general the presence of nickel lowers the recalescent point 
of a steel of a given carbon content. 

Mr. McLrop.—The use of nickel steel for boiler purposes 
has been referred to. In this connection I recall that the cruiser 
“Chicago” has a battery of boilers, part of which are made of car- 
bon-steel plates and part of nickel-steel plates. These boilers have 
been in use for several years. Lieutenant Parks is here and he can 
probably tell us whether there has been any information obtained 
through the failure of either the carbon or the nickel-steel plates. 

W. M. Parxs.—The “Chicago” is equipped in part with 
cylindrical boilers and in part with water-tube boilers. She has 
four cylindrical boilers about twelve to fourteen feet in diameter 
by eight to ten feet long. The shell of these boilers is of nickel 
steel, containing 34 per cent. nickel. J think there has been no 
report on these boilers; but as a rule the shell part of cylindrical 
boilers gives very little trouble. I do not know why that should 
be so, but it isa fact nevertheless. The tubes are the parts which 
give trouble. We have not yet been able to find a material for 
boiler tubes that is satisfactory. We have tried everything in the 
navy, charcoal iron, hot-drawn steel tubes, cold-drawn steel tubes, 
Bessemer tubes, open-hearth tubes, etc. We are now endeavoring 
to make arrangements to try 30 per cent. nickel-steel tubes. To 
illustrate the importance of finding durable material for boiler 
tubes, I may state that one of our ships was overhauled about a 
year ago, and the boilers refitted with new tubes of cold-drawn 
mild steel. These tubes lasted exactly nine months. That is an 
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extreme case, but we rarely have tubes, even of the very best 
quality, that will last more than three years. 

Mr. Corsy.—Supplementing Lieutenant Parks’ remarks 
I understand that the 34 per cent. nickel-steel plates entered 
into the construction of one or more of the “Scotch” boilers 
of the U. S. S. “Chicago,” which went into commission De- 
cember 1, 1898. The test specimens cut from these nickel-steel 
boiler plates show a tensile strength of between 80,000 to 90,000 
pounds per square inch and an elastic limit of between 50,000 
to 63,000 pounds per square inch, with an extension in eight 
inches of over 20 per cent. 

G. Lanza.—I should like to ask Mr. Colby for information 
as to the cost of 30 per cent. nickel-steel boiler tubes in comparison 
with mild carbon-steel seamless boiler tubes? 

Mr. Co.tsy.—As the 30 per cent. nickel steel so far made 
in America for boiler tubes has been melted by the steel com- 
pany with which I am connected, and as I have been associated 
with the Shelby Company in the manufacture of the tubes from 
this steel, I am in a position to give definite information in reply 
to Professor Lanza’s inquiry. 

At the price at which the Shelby Company have so far been 
able to purchase the 30 per cent. nickel-steel billets they find that 
they can put the finished nickel-steel tube on the market at about 
three times the price charged for a carbon-steel seamless tube of 
the same diameter and thickness. For instance, in the 14-inch and 
ti-inch boiler tubes used in a torpedo-boat destroyer the carbon- 
steel tube is sold for 15 cents per pound and the 30 per cent. 
nickel-steel tube can be offered at 45 cents per pound. It is, 
however, entirely practicable to use lighter gauges of the nickel- 
steel tubes, and this saving in weight, together with the fact that 
the nickel-steel tube will last at least two and one-third times as 
long as the carbon-steel tube, lowers the actual increased cost of 
the nickel-steel tube. In addition to this it must be borne in mind 
that when the nickel-steel tubes are taken out of the boiler they 
can be sold to any maker of nickel steel for the market price of 
nickel-steel tube scrap plus about 20 cents per pound for the 
contained nickel. In the final comparison of the net increased 
cost of nickel-steel tubes, the increased steaming efficiency, due 
to the lighter gauged nickel-steel tubes, and the saving due to 
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the less frequent re-tubing of the boilers, as well as the saving 
in weight of the boiler installation, should be given due con- 
sideration. 

Mr. McLrop.—aAnswering the inquiry just addressed to 
the chair for information as to the relative cost of nickel-steel 
rails and carbon-steel rails, I would state that the price of nickel- 
steel rails is twice that of carbon-steel rails, or, in round figures, 
$56 per ton, but a consideration of the question of salvage 
makes the comparison much more attractive. The gentleman will 
remember the statement of our President that the experimental 
nickel-steel rails were in the track three years and then not removed 
because of their having worn out, but to give place to the new 
nickel-steel rails just purchased. Assuming they were worn out, 
the carbon rails that would have been used at that point would 
have worn out in ten months, making the comparison in service 
more than three to one, or, in other words, it would have been 
necessary to have purchased $84 worth of carbon rails as 
against $56 worth of nickel-steel rails. But there is an addi- 
tional salvage to be obtained from the value of the nickel in the 
scrap, which Mr. Colby places at 20 cents a pound. There being 
3 per cent. of nickel in the rails, or 7o pounds per ton, the salvage 
from this source would be $rq per ton, which deducted from 
$56 would leave $42, the net cost, as against $84 per ton for 
the carbon-steel rails. Credit should be allowed also for the 
extra cost of maintenance in the case of the carbon rails, which 
have to be removed so frequently. 


Wittram Campseri.—lI should like to ask Mr. Colby if the ; 
refining temperatures of nickel steel and carbon steel are the same ; 


for the same carbon content? 

Mr. Cotpy.—Assuming that Mr. Campbell refers to the 
heat treatment necessary to “refine”? and) finish a forging or 
casting, so as to bring it into the best possible physical] con- 
dition for service, I would state that for equal carbon content 
a steel containing, say, 3 to § per cent. nickel should not be heated 
to as high temperatures prior to either oil-tempering, water- 
tempering, or annealing as a steel of the same carbon content but 
containing no nickel. 

The advantage of nickel steel for purposes where in service 
high physical qualities are demanded lies in the fact that the 
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higher proportional elastic limit can be obtained by the presence 
of nickel, and, furthermore, any danger of brittleness is avoided 
from the fact that the desirable physical properties can be obtained 
in a nickel steel without as high a carbon content as is necessaary 
to meet the same high physical qualities when adopting a simple 
carbon steel. ; 

G. H. CLamer.—Has Mr. Colby ever made any determination 
of the wear of journals of nickel steel as compared with carbon 
steel? 

Mr. Corsy.—-I have never seen the results of any trials 
of nickel steel as a journal-bearing material. I have already 
quoted the comparative test of nickel-steel axles and carbon-steel 
axles which show that the nickel-steel has, if anything, a lower 
coefficient of friction than carbon steel, and this fact, in con- 
nection with its acknowledged increased resistance to abrasion 
referred to by our President, Dr. Dudley, would indicate that 
nickel steel might prove a better material than carbon steel for 
the purpose suggested by Mr. Clamer. 

Mr. Cramer.—I should think that would be the case. I 
remember some years ago our President, Dr. Dudley, read a paper 
on the wear of materials, in which he showed that inasmuch as 
wear was the tearing off of small particles from the worn body, 
the finer the granular structure of material the slower would be 
the rate of wear; and inasmuch as this nickel steel has a finer 
grain than ordinary carbon steel, I should think the rate of wear 
would be slower. 

J. C. Kinxeap.—The American Locomotive Company is 
duplicating orders for engines with driving-wheel axles, crank- 
pins and piston-rods of nickel steel; some of the roads have been 
using them for a great many years and with great success. I knew 
of one mill where they formerly had to replace the vertical rolls 
every two and a half to three months, and by the substitution of 
nickel steel they now last two and a half to three years. 

Mr. Corsy (by letter)—In summarizing the discussion 
which this paper has created, I want to call particular atten- 
tion to the important point brought out by Mr. McLeod, 
namely, that the large steel-makers of this country, who make 
certain parts of their own machinery, have adopted nickel steel 
for the vital parts of their large machinery, whenever they have 
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had trouble with the frequent breakages of these parts, heretofore 
made of ordinary steel. I know of instances where our large steel 
manufacturers have used nickel steel with very gratifying results 
for the following purposes: forged piston-rods for steam hammers} 
cast V-shaped die blocks for steam hammers; cast cylinders for 
large hydraulic presses; gearing, spindles and boxes for heavy 
blooming mills; rolls for cogging mills, beam and plate mills, and 
rail mills; crank-pins for heavy engines and a large number of 
similar minor engine parts where frequent breakages, due to 
severe strains in service, have caused annoying and expensive 
stoppages in mill operations. 

In the course of the interesting remarks made by our President, 
Dr. Dudley, he testifies to the marked increase in the resistance 
to abrasion of nickel-steel rails after a five years’ trial. Orders 
have been placed during this year for 11,000 tons of nickel-steel 
rails, principally for laying on curves where the rails at present 
in use have needed very frequent renewal. Some eight of the 
leading American railroads are included in these trial orders, and 
the results will doubtless, later on, lead to the general adoption 
of nickel-steel rails on sharp curves, particularly as, in addition 
to their increased resistance to abrasion, the higher elastic limit 
of the nickel steel increases the value of the rail as a girder. The 
statement made by Mr. McLeod in reference to the relative cost 
of nickel-steel rails and carbon-steel rails may be summarized in 
tabular form as follows: 


Comeararive Cost oF Nicksr-srssr Rais AND CARBON-STEEL RAILS, 
Niekel-steel Carbonsteel 


rails, rails, 
Cost of the tonnage of rails necessary to maintain} $86.00. ton —- S400 tons 
@ certain curve fora given period 5.) at $56.00) aE VS.00 per ton) 
One ton of rails made of $3¢% nickel steel contains 
78.4 hs, of nickel, whieh at 2 ets, per Ih, eats $15.68 $00 
aoreditef. . - . “  & . . . 
Creditforseraprails. .  . 1. ~ @< 16,00 (1 ten) 48.00 ( tons) 
Total credit Ph ere a eet. $81.68 SS.00 
Gross cost (as above) . ._ Se Pee Aye ost tae N60 384,00 
Total credit (as above) 7 : ~ & + 31.68 48,00 
Wet eek. f° 0) 3 SALSQ $36.00 


The comparison shows that the nickel-steel rail, notwith- 
standing its increased initial cost, is ultimately the more econom- 
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ical, even without taking into account the saving in the cost of the 
maintenance of the track due to the less frequent relaying of the 
nickel-steel rails on the curves, which, as is well known, is con. 
siderably greater than the cost of relaying straight track. It is 
probably safe to state that the cost of relaying rails on curves is 
at least $2 per ton. ; 

Mr. McLeod touches on a vital point in the successlul substi- 
tution of nickel steel for carbon steel in his statement that in 
many cases a nickel steel too low in carbon has been selected to 
replace the simple carbon steel which has failed in service for 
some particular purpose. Dr, Dudley also refers to this point in 
his remarks where he states that for some purposes for which 
nickel steel has been tried a little higher carbon in the nickel 
steel would probably have been an advantage. 

While it is true that a certain tensile strength can be obtained 
in a 34 per cent. nickel steel of a considerably lower carbon content 
than necessary in a simple carbon steel, yet it should be borne in 
mind that nickel in itself does not harden the steel, but rather has 
a toughening action, and that in cases where the service demands 
a certain hardness and stiffness as well as strength, care should 
be taken to select a nickel steel of sufficiently high carbon content, 
as otherwise the full advantage of the increased resistance of the 
nickel steel to alternating stresses is not obtained. 

Dr. Dudley refers to a few cases coming under his personal 
observation where nickel steel has not given the long service 
expected. In my opinion these occasional failures could be traced, 
either to the trial of a nickel steel too low in carbon for the purpose 
intended, or more often to the nickel steel having received an 
improper heat treatment prior to its delivery to the consumer. 
The critical points of nickel steel are lower than carbon steel of 
the same carbon content. ‘This necessitates a change in the 
temperatures used in hardening or annealing nickel-steel forgings 
or castings from those used in the heat treatment of simple carbon 
steel. There is no mystery connected with the proper heat treat- 
ment of nickel steel. Nickel steel is more sensitive to improper 
heat treatment than carbon steel, but it is perfectly practicable 
to give nickel steel the proper heat treatment so as to put it into 
the best condition for service; and it only requires the exercise 
of a fair amount of intelligence to avoid the production of a coarse, 
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as detrimental a condition in carbon steel as in nickel steel. 
As stated in the preface of this paper, the advantages obtained 
by alloying nickel with iron and steel have been long known and 
have been acknowledged by many investigators. The few cases 
in which the adoption of nickel steel for a certain purpose has not 
met expectations is really a proof of the necessity of a better 
acquaintance with the grade of nickel steel best suited fora given ~ 
purpose; and with the simple precautions necessary to take In its 
manufacture and heat treatment, rather than a proof that this 
natural alloy of two metals, so closely allied in their properties as _ 
nickel and iron, does not fulfil the claims made for it by these 
who are best acquainted with its valuable properties. 
Bnetiy the addition of nickel to stecl increases the pro- 
portional elastic limit, adds to the ductility of steel, and increases 
its resistance to compression and to shocks. Engineers are seeking 
to-day for a material having this desirable combination of physical 


ALTERNATE STRESSES IN BRIDGE MEMBERS, 
By Gustav LINDENTHAL,. 


The rules prevailing for the dimensioning of bridge members 
subject to alternate tension and compression have been discussed 
by me on previous occasions. (See Transactions of the Canadian 
Society of Civil Engineers, 1889, vol. iii. page 89; also Transactions 
of the American Society of Civil Engineers, 1896, vol. xxxvi. page 
444.) 

I expressed on these occasions my dissent from the rules 
which have been adopted for the bridge specifications of some 
of the principal railroads in this country, taking the ground that 
they are based on erroneous conclusions and a wrong interpretation 
of such tests as had been made on this point. 

I have recently gone over the subject again in connection 
with the designs for two of the large East River Bridges at New 
York City. One is the cantilever design for the Blackwell’s 
Island Bridge, and the other is the suspension bridge design for 
the so-called Manhattan Bridge. In both designs occur members 
exposed to reversal of stress from tension to compression or vice 
versa. Both bridges are among the heaviest ever built, the dead 
load being nearly twice the extreme live load, and the alternating 
stresses are here slowly cumulative, and the maxima can occur 
only on the rarest occasions. 

The question may be said to have been scientifically investi- 
gated first by A. Woehler in his famous experiments on the resist- 
ance of metals to repeated and alternate stresses, undertaken in 
1859 and continued by him until 1870, The results which he 
obtained changed the then prevailing notions on the resistance of 
metals very materially. 

Experiments on similar lines had been made before, but they 
were few in number, and did not produce the overwhelming effect 
of the millions of repetitions of the Woehler experiments. The 
every-day experience of engineers with the movable parts of 
engines and machines, car axles and shaft cranks, all exposed to 
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sudden variations of strain, had long ago led them to empirical 
rules which indirectly provided for lower unit stresses than were 
thought sufficient for steady loads. The effect of moving loads. 
on bridges had also been recognized before, especially by American 
engineers in their railroad bridge specifications. 

Launhardt, who succeeded Woehler in his work, repeated 
many of the latter’s experiments and verified them. And by a 
mathematical reasoning he deduced what is known as the “‘Laun- 
hardt Formula,” which he also applied to dead-load and live-load 
stresses, such as usually occur in bridges. It makes no provision, 
however, for reversals of stresses from compression to tension and 
vice versa, such as occur in stiff diagonals near the center of 
simple spans, or in chords of continuous trusses near the points 
of contraflexure, or in stiffening trusses of suspension bridges, etc. 

Later, Prof. P. J. Weyrauch, in his book on the Strength. 
and Determination of the Dimensions of Structures of Iron and. 
Steel, 1877, deduced in an analogous manner a formula for 
alternately reversing stresses, which is generally used together 
with the Launhardt formula. But, while basing his formula for 
alternate stresses on Woehler’s experiments, Weyrauch was quite 
aware of the lack of completeness in these experiments. He says: 
“In his (Woehler’s) experiments the stress was repeated very 
rapidly; the strains, however, require a certain time in order to 
reach their full intensity. What influence now has the rapidity of 
the repetition, what influence the rapidity of the increase of 
stress, and what the duration of the individual stresses?” It 
appears that Weyrauch knew the weak point of his formula, as. 
applied to bridge work. 

Failures of iron and steel structures were not infrequent at 
that time, and the Woehler experiments were taken up as a ready 
excuse for many failures of structures, which were probably due 
to faulty detail and poor workmanship. 

The general introduction into American practice of the 
Launhardt-Weyrauch formule dates with the Pennsylvania Rail- 
road Specifications and Mr. J. M. Wilson’s paper before the 
American Society C. E. on “ Specifications for the Strength of 
Iron Bridges,” in 1885, after giving the Launhardt-Weyrauch 
formule as: 
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Min. B. 


a= | r+ ts repeated stress of one kind, 


2 Max. B. 


( Max. B. 


au | I— } for alternate reversal of stress. 


2 Max. B. 


Mr. Wilson finds that these formule do not provide for 
impact, as they really do not, and following the lead of Mr. Wm. 
Cain in his little book Maximum Stresses in Framed Buildings, 
1878, he adopts: 


Min. B. 
au 41 
Max. B. 


Max. B. 
a=u 4 1——————_ ; respectively. 
2 Max. B. 


It should be noted that thus an extra provision, above that of 
Launhardt’s, was made to account for “impact, vibration, etc., 
such as is caused by live load.’ In the interesting discussion of 
this paper much adverse and weighty criticism was expressed by 
experienced bridge engineers. Mr. Theo. Cooper, for instance, 
expressed the opinion, that “at the best they simply represent 
the breaking strains; whereas, it is now generally accepted that 
for permanently safe structures we must have regard solely to 
the permanent elastic condition of every member.” 

G. Bouscaren, in his discussion, stated: ‘‘No experiments 
have been made for alternate tension, except where the opposite 
stresses are equal. The formula for alternate stresses of opposite 
signs is deduced entirely by a process of reasoning from the 
results obtained in this particular case. The influence of rapidity 
of repetition, rapidity of increase of stress and duration of indi- 
vidual stress have not been investigated.” 

Mr. C. C. Schneider, in his contribution, remarked that 
“T have of later years used a similar formula for the same object. 
Not that I believe in the correctness of the formule of Launhardt 
and Weyrauch as deducted from Woehler’s experiments, but as 
a convenient empirical method of increasing the sections for 
impact in proportion of the ratio of dead to live load” 

Mr. Schneider’s remark probably expresses the best position 
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taken by American engineers in reference to the Launhardt- 
Weyrauch formula. They all recognize the value of the Woehler 
experiments, and the important bearing of the laws deduced from 
them, as formulated by Woehler, but the majority of them do not 
believe in the applicability of these formulz to bridge construction. 
The discussion at a later date of H. B. Seaman’s paper, “The 
Launhardt Formula on Railroad Bridge Specifications,” before 
the American Society C. E., indicated clearly a general opinion 
that fatigue formule were irrational, and should not be used in 
the proportioning of bridge members. The reason that some 
engineers still use that formula in one or the other form is not 
because the designer wishes to make provision for repeated stresses, 
but because he wants to provide for impact and vibrations due to 
the live load; and, as we have seen in the case of Mr. J. Wilson’s 
specifications, the impact effect is included in addition to the 
repeated stress effect. 

There is evidently much reason for doubting the applicability 
of Woehler’s conclusions (which were mostly based on rapid, 
repeated applications of load to rotating axles and spindles) to 
such bridge members which, barring impact, receive their stress 
more or less gradually, and at intervals of time which are many 
thousand times those of the experiments. There is still less 
reason for believing in the correctness of the Launhardt-Weyrauch 
formule for bridge members subject to comparatively slow 
reversal of stresses. While counter-stresses in railroad bridges 
from rapidly moving trains are subject to rapid reversion of 
stresses, this does not apply in the same degree to chords in con- 
tinuous trusses, or in arches, or cantilevers. 

In this connection it is interesting to note the views of Euro- 
pean engineers and investigators: 

In discussing Woehler’s experiments, in his work on the 
A pplication of Iron and Steel jor Structures, the French engineer 
Considére, who is one of the most careful and experienced ex- 
perimenters, raises the following objections to the Woehler experi- 
ments: 

First, the laws formulated by Woehler are based on a com- 
parison of results obtained from different pieces, which were not 
of the same quality. The tests were made on wrought axles 
which, as is well known, do not show much uniformity and give 
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different resistances and elongations at different points. ‘‘For 
comparative experiments axles are badly chosen. The results of 
a series of tests cannot, therefore, be rigidly compared.” The 
difference in strength of a lot of axles varies 15 to 20 per cent. 
The values obtained for alternate stresses as well as for repeated 
stresses for the limits of ultimate strength, when compared, cannot 
furnish perfectly well-based conclusions. 

Secondly, the short duration of the application of stress. 
The duration of the application of the greatest stress was 3); of a 
second, or 720 times per minute, which makes the results in- 
applicable to structures whose members receive their stress more 
slowly and at much longer intervals. 

Thirdly, a wrong application of the bending formula, as 
based on the theory of flexure, which holds true enough within 
the elastic limit only, and which is considerably in error after 
passing the limit of proportionality. 

Thus, reviewing Woehler’s results, Considére accepts the 
Wocehler law as to alternate stresses in the following form: 

“For the durability of metal, the case of alternately reversed 
stresses of equal amount is the most unfavorable. The ultimate 
limit for repeated alternate stresses is considerably below the 
elastic limit, and is probably nearly one-half of this value, if the 
duration of the reversal of maxima stresses is about 34, of a second, 
as it was the case for Woehler’s experiments.” 

The views of German engineers on that question were subse- 
quently much influenced by the great series of experiments con- 
ducted by Bauschinger at the Munich Laboratory. They proved, 
in the words of Winkler, that “‘repeated stresses have a detri- 
mental influence only above the elastic limit, and alternate strains 
up to near the elastic limit.” 

Dr. A. Foeppel, the successor of Bauschinger, in his work on 
the Theory of Resistance (vol. iii. of Technische Mechanik) says: 
“The oscillatory resistance of equal values on each side is usually 
somewhat lower than the greatest resistance of the metal to 
repeated stresses from o to maximum in one direction.’ But 
according to the most reliable experiments by Bauschinger, this 
difference is much less than it was assumed before, based on the 
Woehler results. The following table gives Bauschinger’s values: 
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| | Percentage of 
No | Ultimate Repeated | Alternate Alternate 
: Strength. Stresses. Stresses. - in Values of 
| | Repeated Stresses. 
= 
i.) Wrought aronsegseta. sete | 49,500 28,450 25,170 88.5 per cent. 
2. AUgOt TON | se emeratee ieee 62,000 34,140 28,160 82.5 per cent. 
3. Material not specified ..| 57,600 | 31,290 28,160 go.o per cent. 
4. os Be 4 --| 57,180 | . 34,130 32,140 94-0 per cent. 
5. LL OMASEStCCL eet eee ars 87,050 42,070 42,070 100.0 per cent. 
6), (Rall Steeligeme eee | 84,480 39,820 39,820 100.0 per cent. 
7. Boiler plate, ingot iron..| 57,600 34,130 27,000 79.0 per cent. 
8. Material not specified a 47,050 31,290 22,750 73-0 per cent. 
} 


I have added the column of percentages to show that an allow- 
ance of 25 per cent. over the stress allowed of stress of one variety 
would be fully sufficient for rapid applications of load, for rapid’ 
reversals and for very short durations of rest. It will be observed 
that the lowest values in the column for alternate stresses, in the 
above table, are very near the elastic limit of the respective 
materials. It is reasonable to assume, therefore, until further data 
be established, that for bridge members where the conditions of 
traffic guarantee a certain rest between reversals, no extra allow- 
ance of cross-section is required for stresses well within the elastic 
limit. 

This I believe will become, if it is not already, the established 
practice among experienced bridge engineers, for the proportioning 
of the sections of bridge members subject to comparatively slow 
reversal of stress well within the elastic limits of the metal. 


ON THE CONSTITUTION OF CAST IRON.* 
By WILLIAM CAMPBELL. 


When the evidence of microscopic examination is taken into 
consideration, there can be no doubt that we have to deal with 
a single series as we pass from pure iron, through steel, to cast 
iron. 

Their relations can well be demonstrated by Bakhuis-Rooze- 
boom’s diagram,ft which shows that above r1roo° C. the series 
form a simple set of alloys. In other words, their freezing-point 
curve belongs to Group I. of Le Chatelier’s classification and 
consists of two inclined branches, intersecting at the eutectic point. 
Up to 2 per cent. of carbon the series are solid solutions called 
martensite. About this point the graphite-martensite eutectic or 
mother-liquor appears, and as the carbon contents increase the 
eutectic increases and the martensite decreases, until at 4.3 per 
cent. of carbon the whole mass consists of the eutectic of alternate 
laminz of graphite and martensite. On further increasing the 
carbon we have graphite separating from the mother-liquor 
because the latter is supersaturated with graphite. The above 
holds good for pure, slowly cooled carbon-iron alloys. 

When the temperature falls below 1100° C. great changes 
in the solid take place. The martensite becomes unstable and 
itself acts like a simple liquid alloy. Thus below about 660° C. 
we find that the martensite has rearranged itself and now consists 
of either pearlite alone, pearlite + ferrite or pearlite + cementite, 
according as the original solid solution of martensite contained 
0.8 per cent., less than 0.8 per cent., or more than 0.8 per cent. 
of carbon. 

The saturation-point of the solid solution martensite is about 
2 per cent. carbon, hence above 2 per cent. carbon the slowly 


* Discussion of a paper under a like title, by Prof. Henry M. Howe, in 
Proceedings of the American Society for Testing Materials, Vol. Il. pp. 246-275. 
+ Zeitschrift f. phys. Chem., vol. xxxiv.; Metallographist, r900, pp. 293-300. 
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cooled alloys consist of graphite in a matrix of about 20 cementite 
and 8o pearlite. 

If the cooling were sufficiently slow to produce a state of 
equilibrium, an abrupt transformation would occur at tooo° C., 
the martensite and the graphite combining to form cementite. 
But the reaction takes so long that it does not occur to any 
appreciable extent in ordinary slow cooling. Hence, in slowly 
cooled pure iron-carbon alloys we pass from pure iron or ferrite, 
through alloys containing increasing amounts of pearlite, till at 
o.8 per cent. C. we have the whole mass made up of pearlite. 
With increase of carbon, cementite appears and the alloys consist 
of increasing amounts of cementite in decreasing amounts of 
pearlite. At about 2 per cent. C. the cementite reaches its 


maximum and above that point we have graphite making its: 


appearance, and the alloys consist of graphite, cementite, and 
pearlite. 

On the other hand, if the elements silicon, manganese, phos- 
phorus, and sulphur, etc., are present, they will play a very 
important part. In pig irons, etc., they are often present in the 
matrix in great quantities, and we are no longer dealing with a 
series of binary alloys of iron and carbon, but with that of multiple 
alloys of iron, carbon, silicon, etc. When cooling has been rela- 
tively fast, the various changes may be in part eliminated, or may 
even be suppressed altogether. 

Quenching an alloy between o and about 2 per cent. C. tends 
to prevent the separation of the ferrite or cementite, whichever is 
in excess, and prevents the change of martensite into pearlite 
completely. ' 

Above 2 per cent. C. quick cooling or chilling from liquid 
state tends to prevent the separation or crystallization of the 
martensite and prevents the formation of the graphite-martensite 
eutectic entirely. The mother-liquor solidifies in the form of a 
eutectic certainty, but of cementite and martensite, and we get a 
white cast iron. 

As before, the elements silicon, manganese, etc., when present 
to any great extent, will tend to modify or even prevent the changes 
which occur in a pure carbon-iron alloy. The following photo- 
graphs illustrate several of the varieties of cast iron. 
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Fig. 1 contains 2.9 per cent. C., 1.44 per cent. Si., 0.23 per 
cent. Mn. X 30. 

The specimen has been lightly etched with nitric acid, and 
shows dendritic crystals set in a laminated ground-mass or eutectic 
of graphite and the same material as the dendrites. At first these 
might be mistaken for ferrite, but with deeper etching and a 
higher power they are seen to be composed of true pearlite with 
an excess of cementite. In other words, they are dendrites of 
martensite which have rearranged themselves into cementite and 
pearlite. 

When the metal cooled down from the liquid state, dendrites 
of martensite crystallized out, enriching the mother-liquid in 
carbon. At a lower temperature, say about 1150° C., the ground- 
mass solidified as the eutectic of martensite and graphite. As 
the temperature fell the martensite became saturated with cement- 
ite, which began to separate out at about ro00° C., whilst finally 
at about 660° C. the residual martensite, containing probably about 
0.8 per cent. C., changed to pearlite. 

In Fig. 2 we have a cast iron containing from 4 to 4.5 per 
cent. C. X 30 diameters. Its composition approaches that of the 
graphite-martensite eutectic. Hence, on cooling the whole mass 
solidified as alternate laminz of martensite and graphite, while, 
as before, at a lower temperature the martensite rearranged itself 
into cementite and pearlite, which are quite distinct under a higher 
power, as in Fig. 12. 

In Figs. 3 and 4 we have a cast iron which has been chilled, 
X 30 diameters. Fig. 3 shows the outer layer and consists of 
white cast iron having a structure similar to that of Fig. 5. 

Fig. 4 shows the center of the piece and has a cell-like appear- 
ance. The borders of the cells are composed of white cast iron, 
the centers of gray, whilst the whole gives us the mottled structure. 

In Fig. 5 we have a section of washed metal containing 3.5 
per cent. C. X 30 diameters. 

Here we have the coarser form of white cast iron, showing 
dark dendrites set in a eutectic. No graphite is present. 

In Fig. 6 we have the same, X roo diameters, and here we 
see that the dendrites are composite. What has happened is as 
follows: On cooling from the liquid state, dendrites of martensite 
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have crystallized out, enriching the mother-liquid with respect to 
carbon. Owing to rapid cooling, and probably some other cause 
also, the mother-liquor passed the point of solidification of the 
graphite-martensite eutectic before freezing. When solidification 
did occur a eutectic of cementite and martensite formed, probably 
because the metal had reached the temperature at which the 
reaction of martensite + graphite = cementite could take place. 
In other words, the metal had reached a point where graphite 
and martensite were no longer in stable equilibrium. 

As before, when the temperature fell the martensite became 
supersaturated with cementite, which commenced to separate out, 
and under normal conditions this would continue until the marten- 
site had a composition of 0.8 to 0.9 per cent. C. at about 660° C., 
when it would be transformed into pearlite. In Fig. 6 the excess 
of cementite can be seen as white dots in the larger dark patches, 
which under a higher power are seen to consist of pearlite and 
unsegregated pearlite or sorbite. 

By means of a simple experiment the whole series of carbon- 
iron alloys can be obtained in one section. A piece of washed 
metal was taken and heated to about to50° C., and then allowed 
to cool slowly in the furnace; another piece was heated to same 
temperature and quenched in cold water, whilst a third was 
allowed to cool at about 670° C. and quenched. Each specimen 
was cut very obliquely, in order to. give the maximum surface to 
the outside portion; then each was polished and etched. The 
outside is found to consist of iron oxide, next comes pure iron, 
then carbonized iron, till we reach 3.5 per cent. C., at the depth 
of about 4 inch. 

Fig. 7 shows the specimen quenched at about 670° C., X 30 
diameters. 

Here, starting at the bottom of the photograph, we see an 
irregular dark patch of iron oxide surrounded by an irregular 
mass of ferrite. Beyond the borders of the light ferrite we have 
the dark mass of martensite, which has almost wholly rearranged 
itself into pearlite. Had the quenching taken place well above 
the recalescence point, this would have been true martensite. 
Passing on, we see the cementite coming in, whilst finally at the 
top of the figure we have the original washed metal. Thus in the 
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one figure we pass from pure iron to iron containing 3.5 per cent. 
C., or white cast iron. There is no break in the structure of the 
series. 

Fig. 8 is a view from the upper part of Fig. 7, or of the white 
cast iron, X 100. It is very similar to Fig. 6, showing that little 
or no change has taken place. 

Fig. 9 is a view from near the edge of the white cast-iron 
area of Fig. 7, X 100. The relative amount of cementite has 
greatly decreased, due to decarburization, and here we have 
the connecting link between white cast iron and a high carbon 
steel. 

Fig. 10, X 100, shows a further decrease in carbon and closely 
resembles a steel containing some 1.4 per cent. C. The view is 
taken from the cementite-pearlite area, and we see the character- 
istic veins and bands of cementite set in a matrix of pearlite. 
Owing to the fact that the specimen was quenched at about the 
lower transition point, Ar,, it is probable that part of the matrix 
consists of unsegregated pearlite or sorbite. 

Passing toward the outside of the specimen, decarburization 
causes the disappearance of the free cementite, when the whole 
is pearlite, then the introduction of patches and veins of ferrite, 
giving a view similar to Fig. ro. As the ferrite increases the 
pearlite decreases, till finally it disappears altogether, and we have 
nothing but ferrite with a covering of oxide at the surface of the 
specimen. 

Considering next the specimen which was allowed to cool 
slowly within the furnace. 

Fig. 11, X 30, vertical illumination, shows a section similar 
to Fig. 7, but not covering such a wide area. At the top of the 
figure we see a patch of the original washed metal or white cast 
iron. Passing down, we see a sudden change, due to the disap- 
pearance of most of the cementite and the appearance of much 
graphite. This shows that this specimen had reached the tem- 
perature at which the cementite had been split up into martensite 
and graphite. 

Fig. 12, X 100, shows a view from the graphitic area. The 
large irregular plates of graphite are seen set in a matrix consist- 
ing of cementite and pearlite. This matrix was formed by the 
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rearrangement of the martensite as the temperature fell. The 
whole shows a gray cast iron. 

As we pass to the outside of the specimen the graphite soon 
disappears, as in the base of Fig. 11. Then we have the whole 
series, the same as in Fig. 7, except that the pearlite is much 
clearer and coarser, due to the very slow cooling. Again, we find 
there is no break in the series as we pass from the outside, consisting 
of pure ferrite, through pearlite with about 0.8 per cent. C., 
through the high-carbon series consisting of increasing cementite 
in pearlite, until graphite makes its appearance, and we have 
gray cast iron. 

The most interesting specimen was that which was quenched 
from the maximum temperature of heating. Here we find the 
whole series of structures due to hardening by quenching. 

Fig. 13, X 30, shows a section through the series, as in Fig. 7. 
At the top we see the remains of the original washed metal. 
Forming a series of rings around it are the structures of hardened 
steels containing decreasing amounts of carbon. First we see a 
black irregular material which proceeds downward as a vein, 
finally forming the boundaries to some of the martensite crystals. 
It is the black constituent of Figs. 14 and 15. Next comes a light 
material which gradually passes into the dark ground-mass, with 
white chevrons, remarkably like Osmond’s specimen of austenite 
and martensite. This finally passes into regular martensite as 
we approach the edge of the figure. In the specimen the boundary 
between the martensite and the ferrite could not be distinguished. 

In Fig. 14, X 100 diameters, several constituents can be seen. 
The white hard cementine stands out in relief in the lower half 
of the figure. In many places the cementite is enclosed in austen- 
ite, through which long needles are seen. These needles, Le 
Chatelier has identified with cementite. The dark material is 
probably sorbite due to the decomposition of the austenite. 

Fig. 15, X 100, shows a section nearer the outside of the 
specimen, therefore containing less carbon, from left to right being 
in direction of decreasing carbon. The black material may be 
sorbite, for it is continuous with that of Fig. 14, and forms the 
boundaries between the crystals or grains which are composed of 
white chevrons and bands in a darker ground. The white portions 
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are martensite and the colored portion austenite. On the extreme 
right-hand side we see the normal variety of martensite of medium 
carbon steels. 

Fig. 16, X 30 diameters, shows a section near the surface of 
another piece of washed metal which was heated and quenched 
at the maximum temperature as before. There are, apparently, 
two constituents, one light, resembling austenite, the other dark 
and similar in appearance to that transition form of high-carbon 
steels called sorbite by Le Chatelier, though Stead and Osmond 
call a similar body troostite. Under a higher power the dark 
material is seen to be traversed by needles of cementite exactly 
similar to those seen in Fig. 14, which in many places are seen 
crossing the sorbite as well as the austenite.* 

With regard to the light constituent, there is some doubt as 
to its being austenite. On deep etching, darker bands are seen 
in places, as is shown in the top patch in the figure. Le Chatelier 
has called something very similar ‘“‘pseudocrystalline sorbite,” 
which often occurs on the surface of quenched high-carbon steel. 
At all events, the white material is not homogeneous throughout, 
though this may very probably be due to the partial separation 
of martensite. It is a fact that austenite is seldom found alone, 
but is almost always accompanied by martensite or cementite. 

From the above it is seen that steel and cast iron form one 
continuous series, without any sudden break in their structures. 
The dividing line between them at about 2 per cent. carbon coin- 
cides with the appearance of the graphite-martensite eutectic in the 
case of gray cast iron and of the cementite-martensite eutectic in 
the case of white irons, and no more stress ought to be laid upon 
this division than that at 0.8 to 0.9 per cent. C., separating steels 
containing ferrite from those containing cementite, in the free 
state. 


* Mr. Stead kindly examined photographs 14 and 16 and immediately 
identified the dark constituents as troostite. 


Mr, Field. 


DISCUSSION. 


H. E. Firrp.—I should like to say a word in regard to 
Professor Howe’s paper ‘‘On the Constitution of Cast Iron.” 
Professor Howe holds that cast iron is steel with graphite inter- 
mixed, and to substantiate this claim he assumes that cast iron 
with 1.20 per cent. combined carbon has the maximum tensile 
strength and that this strength decreases as you go either way. 
from this amount. He assumes.that graphitic carbon reduces this 
strength in a certain ratio to the amount present. This looks very 
well on paper, but the cast iron metallurgist can but notice several 
flaws in the reasoning. Professor Howe states that the matrix of 
a cast iron with 1.20 per cent. combined carbon will stand 120,000 
pounds tensile strength per square inch and then goes on to show 
why cast iron with this amount of combined carbon has not this 
strength. While Professor Howe does not give a complete analysis 
of his iron, from our knowledge of cast iron we should assume 
that in the cast-iron sample the sulphur would run at least 0.1 of 
I per cent. and silicon at least 1.40 per cent.; the phosphorus at 
least 0.40 per cent. Are there any records of a steel with 1.20 per 
cent. combined carbon, 1.40 per cent. silicon, 0.1 per cent. sulphur, 
and o.4 per cent. phosphorus developing a strength of 120,000 
pounds? I think not. Here, then, the first assumption is incor- 
rect. If, therefore, Professor Howe has succeeded in reasoning 
from an incorrect assumption to correct results the reasoning must 
be wrong. 

In actual experience with many hundred tests, I have found 
that the maximum tensile strength of cast iron occurs in irons 
much lower than 1.20 per cent. combined carbon. In fact, one- 
half that amount, or 0.6 per cent., would come nearer to giving 
the maximum tensile strength of cast iron. 

As much as the cast iron metallurgist would like to adopt 
this theory for cast-iron practice, practical results show it to be 
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impossible. The percentage of combined carbon in a casting 
varies from the outside to the inside. The action of the iron in 
cooling and the latent heat given out in the separation of the 
graphite produce a matrix which varies greatly from steel of the 
same combined carbon. That this matrix is uneven in the distri- 
bution of its combined carbon is suggested, I believe, by Behrens, 
who shows that the iron around each crystal of graphite is lower 
in combined carbon than the rest of the matrix. In the intro- 
duction to the paper Professor Howe suggests that we use the 
knowledge already gained in our study of steel as a vantage ground 
from which to study cast iron. He takes issue with those who hold 
that the knowledge gained from steel is of but little value when 
used in connection with cast iron and claims that these writers 
have advanced no proof to support this contention. We would 
suggest that the burden of proof hardly lies with the latter but 
with Professor Howe and those who would apply their knowledge 
of steel to cast iron. We would also suggest that the chief reason 
why investigations into the metallurgy of cast iron has progressed 
so slowly has been that steel methods have been applied to cast 
iron and found wanting. In steel 0.2 per cent. silicon, 0.1 per cent. 
phosphorus, 0.05 per cent. sulphur, and 1.5 per cent. carbon are 
about the maximum amounts of these impurities dealt with. In 
cast iron we have to consider silicon up to 4 per cent., sulphur up 
to 0.15 per cent., phosphorus up to 1.5 per cent., and carbon up 
to 4 per cent. When one appreciates the great effect of even 
a small amount of these elements on steel he will appreciate 
the large reactions that the cast-iron metallurgist is forced to 
control. 

Professor Howe wonders why the act of conferring a distinct 
name cast iron upon the iron-carbon compounds rich in carbon has 
operated to debar investigations along this line, meaning by this, 
I take it, along the line of steel. This is easily answered—cast 
iron is valuable for two reasons: first, on account of its fluidity, 
and second, on account of its low shrinkage. It is these two 
properties which make it so valuable as a cast product and have 
led to its being called cast iron. Have these two properties, low 
shrinkage and fluidity, any close relation to the properties of steel 
which we are urged to use as a model? Carbon in steel has been 
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studied in regard to its effect on hardness, strength, and ductility. 
Carbon in cast iron must be studied with relation to the fluidity 
and shrinkage of that product. Silicon in steel has been studied 
with such small percentages present that the knowledge gained is 
of no value in connection with cast iron. In steel, silicon appears 
to act in a similar way to carbon, only in a modified degree. In 
cast iron silicon is valuable because it adds softness, fluidity, and 
low shrinkage to the iron. Phosphorus, which is debarred from 
steel and kept as low as possible, becomes a very important item 
in cast iron for many grades of work. 

The cast iron metallurgists appreciate the need of further 
study in the metallurgy of cast iron’ and welcome the efforts of 
their steel friends in their behalf; but it must be remembered that 
if cast iron is to be placed on a par with steel in our investigations 
we shall have to begin at the bottom, as we did with steel, and 
work up the metallurgy of cast iron, as our steel friends did the 
metallurgy of steel. 

G. H. Cramer.—lI should like to ask why ideas as to the 
saturation-point of carbon have apparently changed within the 
past few years? If I remember rightly, Professor Howe two 
years ago placed it at 0.80 per cent., and now he seems to place 
it at 1.20 per cent. 

ALBERT SAUVEUR.—I think the saturation-point has always 
been considered to lie in the vicinity of 0.80 per cent. Mr. Clamer 
confuses the saturation-point with the point of maximum strength. 
Professor Howe argues that a steel containing 1.20 per cent. carbon 
has the maximum strength, but he does not mean that it is a 
strength test. This corresponds to the saturation-point, for he 
knows that there is an excess of cementite present. 

Replying to Mr. Field’s remarks, the strength of cast iron 
does not depend exclusively upon the amount of combined carbon. 
It also depends to a very great extent upon the graphitic carbon 
present. It is qui-e possible for a 0.50 per cent. combined carbon 
cast iron to be stronger than a sample with x per cent. combined 
carbon if the former contains much less graphitic carbon than the 
latter. Graphitic carbon, of course, decreases the strength, and 
we could not draw any conclusions unless we knew that both cast 
irons had exactly the same proportion of graphite. I think Pro- 
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of course have a matrix of greater tenacity, and therefore, from the 


fact that steel a little oversaturated has the greatest strength, he 


:. argues that the matrix of the strongest iron should be slightly 
oversaturated. 


fessor Howe's idea was that the cast iron of greater tenacity would Mr. sanveur, 


MACHINE-CAST SANDLESS PIG IRON IN RELATION TO 
THE STANDARDIZING OF PIG IRON FOR 
FOUNDRY PURPOSES. 


By Epcar S. Cook. 


The blast furnaces now in operation represent all sorts and 
conditions, as referred to shapes, sizes, and equipment. The 
tendency for some years past, however, has been to eliminate the 
smaller stacks of an earlier generation, so that fewer furnaces are 
producing a vastly increased product, as compared with the statis- 
tics of only ten years ago. 

The modern blast furnace, with its daily product of 400 to 
600 tons of pig iron, has been of gradual growth, and become a 
possibility only through the accumulated experiences of intelligent 
and educated managers, capable of applying the teachings of 
science, and at the same time thoroughly trained by a severe 
apprenticeship in the practical every-day routine of actual working. 
More intelligent management, as compared with the ‘‘rule-of- 
thumb” method, rendered evident the necessity of stronger equip- 
ment and larger furnaces, to insure economies, and the latter in 
turn called for improved mechanical appliances to handle in a 
limited time the large tonnages of raw materials necessary to keep 
the furnaces in continuous operation. 

The casting machine for handling the iron product followed 
as a natural consequence, more, however, to overcome the labor 
problem of moving the iron from the cast house than for any other 
reason. ‘The machine-cast iron gives promise of solving, or at 
least helping to solve, the difficulties that have always attended 
the sampling of pig iron, especially the foundry grades. The 
casting machine may prove an unexpected benefit in removing ‘“‘a 
bone of contention” between consumer and maker, and enable 
the foundry to receive a more reliably uniform iron—pig for pig 
—than is possible under sand-bed conditions. 

From the conditions surrounding the production of pig iron, 
as well as the constitution of cast iron itself, variations in com- 
position are unavoidable. So many causes come in to effect the 
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working of the blast furnace, all of which show on the iron, to 
say nothing of the variations in the raw materials used, the only 
wonder is that the product of the blast furnace does not show 
wider ranges or fluctuations, and that the composition is under 
the control that has been found possible, by careful management. 

Notwithstanding, however, the most careful attention on the 
part of the manager, one cast will differ from another in compo- 
sition, and individual beds of the same cast will differ. These 
facts were only established by frequent and continued analyses. 
Within only comparatively recent years, the furnaces have been 
able, with the help of well-equipped laboratories, to select different 
casts, to suit the specifications of customers, or their assumed 
requirements, based upon experience, in the absence of specified 
analysis. Fortunately, all grades and varieties of pig iron have 
their uses. Investigations that will add to the store of information 
and guide in the proper use and application of the data obtained 
by laborious research, should be welcomed and encouraged by all 
users, as well as by all makers of pig iron. 

Indications all point to the substitution of analysis for the 
old-time method of grading by fracture. Commencing with the 
larger users, and the makers of specialties, requiring more positive 
information as to the composition than was afforded by the 
fracture, the use of pig iron guided by analysis has spread with 
much greater rapidity to all classes of foundry work than the most 
sanguine expected. ; 

Grading by fracture, as guided by experience with any par- 
ticular brand of iron, has some points in its favor, else it would 
have been supplanted earlier. The fact that for so many years 
castings of multitudinous forms, and for an endless variety of uses, 
were made in a fairly satisfactory manner by skilful guessing as 
to mixtures, only goes to demonstrate that for many classes of 
work there is a very considerable range in composition allowable, 
without injuriously affecting the castings. With accurate knowl- 
edge as to requirements, and more positive information as to the 
composition of pig iron, there will doubtless be a smaller percentage 
of loss of defective castings. The castings themselves will be 
better adapted for the purpose designed, and the causes of defective 
work can be more definitely located. 
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It might just as well be borne in mind, however, that working 
by analysis will not prove a “panacea” for all the ills to which 
foundry practice is subject. It will occur to every practical man 
that there are many causes entering into the success or failure of 
foundry practice, other than the composition of the pig iron placed 
at the mouth of the cupola. 

There are limitations also to the ability of blast furnaces to 
furnish the raw pig, within too narrow limits, as pertaining to 
any particular set of specifications, without unduly enhancing the 
cost. In the long run the consumer must pay the cost and risks 
of manufacture, plus a fair profit on the capital invested—other- 
wise the supply will not equal the demand. There are special 
irons that must be of certain composition, and must not vary, 
except within very narrow limits. The manufacture of these 
demands special ores and special fuels, as well as most careful 
scrutiny as to the uniformity. The ores and fuels, etc., suited are 
not in abundant supply, and therefore command high prices 
comparatively. The unavoidable “misfits” made by the furnace, 
and sold at less than cost, enhances the average cost of manu- 
facture, for all of which the consumer must ultimately pay. 

Blast furnaces could be run with much more comfort to the 
manager, and with much better average result in every way, were 
it possible to obtain absolutely uniform raw material—ores, fuel, 
and limestone. It would also be a great gain if the atmospheric 
air driven into the tuyeres always contained the same weight of 
oxygen per cubic foot of air and the same weight of moisture. 
If all the furnaces operating to-day demanded ores absolutely 
uniform in composition, that is, the product of any one mine, to 
run always the same in percentage of iron and gangue, and that 
the coke should not vary in sulphur, phosphorus, ash, and ‘fixed 
carbon, the greater portion of the furnaces would be obliged to 
discontinue operations, and the cost of pig iron would rise to 
prohibitory figures. 

Since chemistry has unfolded the secrets of nature’s store- 
houses of raw material, the uniform ore deposit of coal and of 
limestone is about as scarce as the perfectly developed man or 
woman. The furnaces are obliged to take ores, etc., as they find 
them, and by judicious mixing, based upon an approximate knowl- 
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edge of their contents, endeayor to produce as uniform a product 
as possible, 

This product is the raw material of the foundry, rolling mill, 
steel works, ete, It is a wise precaution, therefore, in substituting 
the new system of grading “by analysis” for that of “by fracture,” 
not to draw the lines any closer, nor make the conditions any 
more severe than is absolutely necessary to meet the requirements 
of any particular class of manufacture. 

I have seen certain crude specifications for pig iron, probably 
formulated by a young chemist fresh from the technical college, 
but without any metallurgical training, so rigid and exacting with 
regard to carbon, silicon, sulphur, phosphorus, manganese, etc.,. 
that probably not one cast in a thousand from any one furnace 
would meet all the conditions imposed. 

Reference has been made to the variable composition of pig 
iron, as referred to sand-cast pig, cast in the usual way. Different 
portions of the same pig will show varying percentages of silicon 
and sulphur, Different pigs of the same bed will vary one from 
another, and different beds of the same cast will frequently show 
wide variations, It is not worth while to here attempt an explana- 
tion of the causes, but merely accept the fact as an unavoidable 
feature of blast furnace conditions, as existing at most of the plants. 
engaged in the merchant business. 

In this connection I cannot do better than quote the remarks 
of Dr. R. W. Raymond, Secretary American Institute of Mining 
Engineers, in a discussion upon the “Control of Silicon in Pig 
Tron,’’* : 


"The blast furnace is noted as perhaps at once the rudest and the most 
sensitive of the means employed in manufacturing on a large scale. In proportion 
to its rudeness and sensitiveness it has always called for exceptional skill in 
management, By skill T mean here the acquired aptitude of actual practice, 
including the recognition of symptoms, without the perfect knowledge of their 
causes, ‘The requirement of skill in this sense has been greatly diminished by 
the work of chemist and engineers during the last few years. Many of the subtle 
difficulties and traditional remedies of the blast-furnace practice of twenty years 
ago are practically obsolete in the art of to-day (February, 1892), with its rapid 
running, high pressures and temperatures, immense daily products and adequate 
machinery, But the hampering condition still remains, that these great furnaces, 


* ‘Transactions Am, Inst. Min, Engs., vol. xxi, February, 1892. 
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devouring hundreds of tons of raw material, and producing hundreds of tons of 
pig iron and slag daily, are required to preserve a certain chemical composition of 
product. This requirement is often inconsistent with the use of the cheapest 
ores, the maximum economy of fuel, and the maximum product of iron. In other 
words, if our blast furmace managers were ordered fo produce the largest prac- 
ticable quantity of pig iron, no matter of what grade or quality, at the smallest 
cost of ore, flux, fuel, labor, and repairs, the art would be not only simplified, 
but revolutionized, 

“Now this is what has happened in other arts, as the result of scientific 
improvement. The production of the cruder material has been immensely cheap- 
ened, by reducing the element of skill, removing to a great extent the complicated 
quality, and leaving to subsequent processes, in which science, rather than skill, 
plays the chiefest part, the final work of perfection and adaptation. 

“The barbaric method (as illustrated, for instance, in the Japanese manu- 
facture of steel) consists in the infinite expenditure, according to received tradition, 
of material, time, and labor, the rejection of the greater part of the product, and 
the selection of that part which by happy accident has acquired extraordinary 
excellence. 

“Phe half-civilized method substitutes more and more skill for luck, and 
science for skill, yet still waits to see what the product will be, and grades it 
without reference to what it is Intended to be. 

“The scientific method makes what it started to make. To do this requires 
to know and to govern the conditions of manufacture, including the exact compo- 
sition of materials. If this knowledge and control cannot be easily maintained in 
the first step of manufacture, or if their exercise interferes with the economical 
operation of that stage on a large scale, the scientific method employs that part 
of its process as a means of simplifying the conditions for future determination 
and control.” 


The blast furnace may be said to be in the “half-civilized” 
stage, having preceded our foundry friends in emerging from the 
““barbaric” stage by nearly a score of years. The foundry is really 
most interested in knowing the exact composition of its raw 
material—pig iron. This is more important than having it rigidly 
conform to any particular set of specifications, defining the limits 
of silicon, sulphur, etc. 

Knowing the composition of his raw material, pig iron, it 
remains for the foundry superintendent to employ the scientific 
method, and make such a mixture of various brands or irons of 
varying composition, if unable to obtain one iron to meet all the 
requirements, in order to produce the result he started to make. 
The sandless pig, made in the casting machine, gives promise of 
attaining the desirable uniformity more effectively than can ever 
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be reasonably expected from sand-cast pig. In the direct process 
from blast furnace to the bessemer converter and steel ingot, the 
mixer was found indispensable to insure uniform products and a 
minimum percentage of defective ingots. 

The correct sampling of sand-cast pig is troublesome and 
expensive. This is especially true of the foundry grades. In order 
to obtain a fairly representative sample, numerous pigs must be 
taken and drilled with care. Even then different samplings of 
the same lot of iron will show frequently widely varying results 
as to silicon and sulphur, notwithstanding that the same method 
of analysis may be used. ‘This brings about misunderstandings 
quite as difficult to adjust as the disagreements with respect to 
the “fracture” any particular grade should show. 

I do not refer to differences that are brought about for com- 
mercial reasons, as affecting the price, where judgment is warped 
by money considerations. I have in mind several experiences of 
our own, illustrating the difficulty of arriving at the composition 
of sand-cast pig, when the question of price did not enter into the 
matter at all, as no particular guarantees had been made. The 
purchaser required reasonably accurate information to guide him 
in using the iron, and we co-operated with him in sampling and 
making analyses, the results being compared. All of the samples 
selected by us were made by drilling about one dozen pigs to 
represent each lot of fifty tons. 


Purchaser's W. I, & S, Co.'s 
Sampling and Analysis, Sampling and Analysis, 
Silicon, Sulphur, Silicon, Sulphur, 

1.90 trace 0.904 0.045 
1.23 0.04 0.920 0.045 
0.85 0.09 0.855 0.050 
iy 0,035 0,880 0.040 
1.08 0,040 0.910 0.000 
1.03 0,00 1,010 0,080 
1.04 0.05 1,08 0,050 
1.31 0.04 1.19 0.04 
1.50 0.03 1.09 0.00 
0.62 0,05 O74 0.04 
0.87 0.03 0,80 0.04 
1.21 0.04 0.92 0.07 


1.04 0.05 1,08 0,05 
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The marked discrepancies in silicon were found to be due to 
particles of sand getting into samples through lack of care in 
handling, while drilling the sand-coated pigs in the machine 
shop of the purchaser. The iron sold was all of the gray forge 
grade. 

This experience led us to adopt the method of sampling iron 
liquid, as it ran from the furnace, which plan was in use by the 
Western furnaces connected with steel works. It has been found 
more reliable, as fairly representing iron as it will be used in 
quantity, than the drilling of several pigs. 

At times certain casts run remarkably uniform as to silicon 
and sulphur, the differences existing between the different beds 
not being more than can be accounted for in laboratory work, 
but this is the exception rather than the rule. Phosphorus is 
generally evenly distributed. Segregation does not seem to affect 
it, and there is seldom any difficulty in determining the contents. 
The following will illustrate the variation of sand-cast iron, one 
pig being selected from the middle of every alternate bed: 


Open Gray | 
Forge A. No. 2 Strong B. Soft Fdy. C. | D. 
Beds. -— : | ——----____ — 
Silicon. | Sulphur. Silicon. Sulphur.| Silicon. | Sulphur.) Silicon. | Sulphur. 
|. a pec Sas aoe esa ae 
Buea 1.481 | 0.068 | 1.669 | 0.013 2.52 | 0.011 | 2.52 | 0,014 
(oi ir 1.434 | 0.066 | 1.575 | 0.009 2.60 | 0.015 | 2.56 | 0.013 
Ox eee 1.468 | 0.074 | 1.599 | 0.009 2.66 | 0.013 | 2.58 | 0.013 
Ore sae 1.481 0.066 | 1.599 | 0.003 2.80 | 0.013 | 2.53 | 0.012 
TOns ss | 1.458 | 0.056 | 1.622 | 0.009 2:02.) C003 a) ee2s55 0.012 
Loerie | I.411 | 0.060 1.575 O.OIL 2.00 AMO-.O1T |) (2.50.9) O10r3 
T4.---.| 1.292 | 0.066 | 1.528 0.011 2.92 Q.0o1r | 2.48 0.013 
16.....| 1.198 | 0.056 | 1.528 | 0.006 2.04 | 0.014 2.84 | 0.013 
igek Bee 1.222 0.055 | I.4II 0.01 Paces Ah arctic ies se ate 
2Osiets 1.222 | 0.048 | 1.363 | 0.008 St aJeoe cece | cteee 
Cast Analysis. | Cast Analysis. Cast Analysis. Cast Analysis. 
Liquid Samples. Liquid Samples. Liquid Samples. Liquid Samples. 
1.363 | 0.054 | 1.599.| 0.012 2,60 | O.01I | 2.50 | O.0r3 
erase | Srarsen) Seaoh el ipcae 223 | 0.013 2.88 | 0.015 
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Cast A—The silicon varies between 1.481 and 1.222, and the sulphur varies between 
0.074 and 0.048. 

Cast B—The silicon varies between 1.669 and 1.363, while the sulphur happens 
to be exceptionally low. 

Cast C—Shows a wide variation in silicon, 3.01 to 2.04, while the sulphur is very 
low and constant. 

Cast D—Represents a uniform cast, both in silicon and.sulphur. 


All of the casts were taken at random, sampled, and analyzed. 
Another series might be more variable in silicon and sulphur, 
depending upon furnace conditions. 


EXAMPLES FROM DIFFERENT PORTIONS OF THE SAME 
CAST OF SAND PIG. 


First Sample. Second Sample, 
Grade. - — 
Silicon. | Sulphur. | Silicon. | Sulphur. 

INOS 2Kia ale nae, ots see stelelaersi ajo eisiaters ia) 2.23 0.017 2.45 0.015 

Bn, RECO Ce ean eae mee ee 3-29 0.014 2.30 0.091 

ee Uae Sayed ethane SUNS bla, ALO 2.16 0.022 1.46 0.018 

Pek i) Ricans ree he ee eet 2.15 0.036 2.40 0.027 

biog ©) Paseo es Vereen nhs BH cree 3-24 0.035 2.16 0.060 

SOMME sissies Se eerste RENT ee eae eee 3-20 0.026 3.32 0.017 

oe SiS eee take a secon Ao 3-21 0.051 gay, 0.036 

INOS 2 one os ocke asic oat nis se 1.62 0.075 2.58 0.033 

Be Sone ho socios pona beac ocee 1.88 0.035 2.66 0.013 

Dw he Pip Etre se eiscnc Sobor citiSao owen 1.25 0.035 0.89 0.050 

Sanp Iron. 
Liquid Samples. Cast Analysis. 
Silicon, Sulphur. 
Pi 2.20 0.021 i 
2.85 0.017 
NINETEEN BEps. 
Silicon, Sulphur, 
Pig trom: rst bed tise Uk eisai cic hs ol ee een eee 1.99 al 
0.022 
Se GOs Ve ek akin cena Stu seid -)se oeae a eer ater 2.07 0.022 
ESE BE See ene AAs nn Sea doe a oe A Neen eee 2.29 0.024 
er Gere ths ruck. Yee bat & (oj dea atetote falotaetay eta aie ate = ate 2.46 0.024 
ae ce “ 

Oa ets Stat ini>qjn/sinis enn cine erepererte ato aetalege 2.57 0.027 
wo Mem UTES ARC Re ae ccaiat aa, teas ie cin tame eae eer ea 2.60 0.023 
CRI SATUS ELM de Se hE oh Nip ca Sao wha ere eR ES 2.66 0.022 
Mee OVE TROUNEE  sena se aaa isons o's 5 alee eens tame a 2.85 0.020 
SRL Ua Rae DCs Segue aaa ts tct 2 nine Se, che Ck Ste Re Ce eer 2.36 0.019 
SSS CER IOUT era tees a act canes Mann eee seers 1.80 pene 
0.024 


3 
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This cast shows considerable variation in silicon, while the 
sulphur is uniform. 

Where the iron represented by one analysis ends and the 
other begins it is a difficult matter to determine. Occasionally 
physical indications serve as a guide to the experienced grader. 

These illustrations show the difficulties besetting the accurate 
or scientific determination of the composition of sand-cast pig, 
even when all parties interested are actuated by the best of inten- 
tions. When the situation is complicated by mercenary considera- 
tions, it can be easily surmised that “grading by analysis” may 
not be the great boon expected in removing all friction. 

It is an improvement upon “grading by fracture,” and cer- 
tainly a safer guide as to the use of all pig iron. It is fortunate, 
however, that for most classes of foundry work the variations in 
carefully selected foundry irons are not fatal, due to the range in 
composition of castings, that practice has proven to be permissible. 


In 1892, Dr. R. W. Raymond said: “Even if all pig iron should come to be 
cast in chills, which would be a very good thing, I have no doubt the grain would 
still be found legible as an inscription of quality, though the handwriting would 
be finer and the language a new one.” 


This we have found to be especially true of machine-cast 
sandless iron. The process of handling the molten iron from the 
furnace to the pig, as shipped, changes the physical appearance 
of the fractured surface so radically that entire dependence must 
be placed upon the analysis, until such time as the “new language”’ 
has been learned. 

I have been agreeably surprised at the aptitude shown by 
foundry consumers generally, and especially those not working by 
technical rules, in comprehending the novel appearance of machine- 
cast sandless iron—so different from the standards previously 
considered essential. We have fully appreciated the confidence of 
the trade, and willingness to tread in new paths. To justify this 
confidence, we aim to exercise every possible precaution that our 
analyses fairly represent the iron. Careful investigations indicate 
that if the chemical composition is as desired for any particular 
work, the physical appearance can be entirely neglected without 
any risk whatever. What the “mixer” is for the Bessemer steel 
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works, the 20-ton ladle cars are for sandless foundry iron. The 
molten iron, running into the ladle from the furnace, becomes 
thoroughly mixed, and the pouring from ladle in a smaller stream 
into the moving metallic molds should bring about a more com- 
plete mixing, so that the composition of individual pigs, taken 
at random from the first pouring of ladle and last portion, ought 
to show insignificant variations, and compare closely with one 
another. 

The analyses of machine-cast sandless foundry iron would 
indicate that the expectations are being realized. 


Cast E, one ladle: Silicon. Sulphur. 
Pig trommnrst pouring aces + jee testa aes eis ara ais a) 3.01 0.015 
Piostrom middle: POMTIN gk fas oe rast io eee Secs 3.00 0.009 
Piotr aStyPOUrine seh ate, setae cap aco = sccleptal ons snes reya spa 3.10 0.010 
ANETAPe iG MiG Sample terran ete a eee see settee Le ec 3.05 0.010 

Cast F, two ladles: 

Hirstiladle; pig from dirsthaliess.o ee = sere eee oy el 1.97 0.022 
MirstJadlexpigutrom second Halt ia) -)femeae aoe Sains oe 1.97 0.022 
Average Jigiid: Sample sis :a0icjajala os «/sjsta1= eka astern niece)s ese7= 1.82 0.019 
Second ladle; pig: from) first alt sici.feeo< wclesn asi antes oad tals o 2.08 0.020 
Secondiladle; pig from second'halfi.-. jas). 22-2 s25- oce= see 2.04 0.020 
Averageshquidisamples. eee sa sae san see eee se erisee 2.22 0.015 
Cast G, two ladles: 
Hirst ladles pigtfrom: firstehalfaes <2 a2 oe jes =e seine ela teres 2.30 O.O1I 
First ladle} pig from seconds halfi'ss.1y 2/2 -tsaniste = seem einiele aie 2.29 0.011 
Averagers ql ds SAM PLes a s/\ajs')otefelaratsre\eraevors tetera ie tei tate oe 2.30 0.025 
Second ladle; pig:from first half. 22202 sce gees aloes 2.43 0.010 
Second jadle pig trom seconds Nal tara ore cya Soest ates 2.41 6.012 
Average, liquid! sampless sera ares cteftnte eateries at terete 2.51 0.031 
Cast H, two ladles: 
Birstladie; pig front first hela sy a. = acts te eeieiete Se ee 2.07 0.021 
Mirstladlespig tmomsecond) halt rset telson eieerine 1.97 0.021 
Average Hamid sample 2222.2. cree, «mista a cjeyein siaitetaie iain als ete aaa V7 0.023 
Second ladle, pig from) first Nalt Soest ae tio amen 2.10 0.027 
Second ladle, pig from second half......................-- 2.10 0.025 
YS eho Way bere | ihashe) Gara men Raoenecectc me Do cor er aos 2.50 0.014 
Cast K, two ladles: 
Hirst dadlenpipetrom Wrst alt. cae ate an iain ie aie hietaint eye 207 0.014 
Burst ladlenpigdrom second half. 5722 aa es eee 2.18 0.017 
AVETARGVUIGMIG SANDICs «cine wae saints aa eatin streets 220.00 0.013 
Second ladle, pig from first half... 2 ns ageerebeiieeretie = ciate = 2.34 0.021 
Second ladle, pig from second half.............-+.------ 262630 0.018 


Averageliquid samplex..J-5 2-220. Scan eee enorme 2.40 0.013 
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Cast L, two ladles: Silicon. 
First ladle;, pig: from. firsts halies sees cee ee eee ie Bar, 
First ladle; pig:from:second half. — 2 30a etter se ree 2.18 
Average liquid sample=- 522-2 2=- cea. ne ana eee= see eee 2.24 
Second ladle, pig from first half........- uke Sees. eA 2.009 
Second ladle; pig from Setond half=. 2. sa. s35- see es eae 2.12 
Average liquid: sample=s.o-f2225:-(.2) 2 sins eeiose een ieee 2.19 
Cast M, two ladles: 
Fisst ladle pig from first halfs2 5-5 jose ce aces cet 2.15 
Firstladle;;pig from second half: “42-33 oe Sean ea 2.08 
Average iquid’samuple= 225 sear nei len eee eee 2.04 
Second ladle; pig ‘from first halfiscse se <eteee es eee Saisie 3 2.32 
Second ladle, pig from second half -22520> osc sent eee ask 2:1t 
Average liquid sample: 2. es 5 once one eee sone te 2.35 
Cast N, two ladles: 
First ladle; pig from first halifes-2-. (sess ot eee 1.99 
Birst ladle, pig from second half**. 225-22 sse= 2. se sess 1.94 
Average liquid: samples sorters arses tate tees eats re Coli 
Second ladle, pig from first half.......... RS Sa auQH AROS 2.12 
Second ladle, pig from‘secoudMhali 222 = soe soe nee ie sis 2.14 
Average liquid ‘sample 720 2o. sen eerste Soho 2.22 


Cast O, two ladles: 


First ladle; pig from ‘first RalfG soe sc ance ee ee 2.17 
First ladle, pig from*second half <> 2 7 /- See. seer ecisete 2.15 
Average liquid samplel= 2-0. 5cecscens ase oe oe ee ee 2.20 
Second ladle, pig-from first half = 250. 8oee seen seis 2.21 
Second.ladle, pig from second half... .. .<.. 2.5: -+<2<355---5- 2.16 
Averave Jiquid samples. 255 ee ae 5 sie Saye aise Sees ae 2.30 


Cast P, two ladles: 


First ladle: pig: trom dirst halfs sec ee tetera Se 2.39 
First ladle, pig from ‘second halfo7.cs5~ 2 snc soe eee 2.17 
Average liquid samples... soca. 26a oe aso eee eens 2.15 
second ladle; pig from first half. cena. coe ee ee 2.43 
Second ladle, pig from second half..............-.j---.---- 2.47 
Average liquid samples: 022s aoe ead eee eee one 2.98 
Cast R, two ladles: 
Birstdadle, pip trom: first halfes As.) eee eee ee 2.49 
First ladle, pig from second half.............---.- Seetease 2.50 
Average liquid sample-. . .....2358. see oe ee ee ees 2.50 
Second Jadie; pig from first half 3-5 aoe ees sa 2.50 
Second ladle, pig from second half. <22-22532 joes Js bests 2.49 
Average liquid sample: / -.. Sco oe eee ae ten eee 2.28 


Sulphur. 
0.049 
0.047 
0.041 
0.042 
0.042 
0.031 


0.018 
0.016 
0.021 
0.017 
0.016 
0.021 


0.027 
0.026 
0.031 
0.028 
0.030 
0.028 


0.014 
0.013 
0.014 
0.014 
0.013 
0.020 


0.013 
0.013 
0.009 
0.014 
0.015 
0,012 


0.012 
0.010 
0.013 
0.012 
0.015 
0,013 


vi. 
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It will be observed that as a rule there is a close correspond- 
ence in the analyses of pigs taken haphazard from different parts 
of the same ladle and of the liquid sample of the ladle. Also 
that the average of these analyses for the entire cast do not differ 
materially from the average of the analyses of the liquid samples 
representing the same cast. The exceptions are less than might 
be expected, and may be regarded in the light of “exceptions 
proving the rule.” 

Cast P was evidently a variable cast, somewhat similar to 
sand-cast C. If the cast P had been run into sand beds some of 
the beds would have been filled with 2.15 per cent. silicon iron, 
and others with 2.98 per cent. silicon, and intervening beds with 
silicons between the two extremes. By “mixing” in the ladles 
this wide variation is in a great measure corrected, the iron of 
each ladle being reasonably uniform. 

Referring to cast R, the pig samples of the first ladle and 
the liquid sample are practically identical. The pig samples of 
the second ladle compare with one another and with those of the 
first ladle, but differ from the liquid sample supposed to represent 
the contents of the second ladle. In this instance the man taking 
liquid sample evidently forgot himself, or for some reason neglected 
to “dip” his sample from the running stream until the end of the 
cast, or when the ladle was nearly full. The quantity of 2.28 
per cent. silicon was too small to affect the average of the ladle, 
as shown by the analyses of the pigs. 

The liquid samples are taken by a laborer without the exercise 
of any judgment whatever, except to obey general directions that 
several samples shall be taken to represent each ladle, viz.: from 
the first, middle, and last run of iron of each ladle. Some better 
plan may be developed, but it is probably as trustworthy as any 
method that can be devised to suit blast-furnace conditions. 

With but few exceptions, machine-cast sandless foundry iron 
has met with unqualified approval. When anything goes wrong 
with any particular heat in the foundry it is only human nature 
that the responsibility should be placed upon the new brand of 
iron used in cupola mixture. If this happens to be sandless iron 
differing greatly in physical appearance from recognized stand- 
ards of long standing, it is only natural that the sandless iron 
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should be held responsible. Several instances of this kind have 
occurred. 

The investigations following have not only served to remove 
censure and prejudice, but at the same time to demonstrate the 
unusual uniformity of sandless iron, pig for pig. 

Customers have been requested to select and forward pieces 
representing, from their views, the worst-looking pieces physically 
to be found in the car. By the “worst-looking” I refer to pigs 
that show a porous or spongy structure, in consequence of the 
molten iron boiling when poured into a damp or cold mould. 
This boiling destroys the grain, and the appearance is such as to 
warrant misgivings on the part of the inexperienced user. So far 
as our investigations have gone, and based also upon the experience 
of those using the iron, the solid pigs, whether close or open in 
fracture, and the porous pigs from one ladle, show the same 
composition, and compare closely with the average liquid sampling 
of ladles. When remelted in cupola the results are the same. 

The following analyses are given to illustrate: 


Silicon, Sulphur, 


Ladlesanalysis j02 oh coe SE RR EAC a ME yo aR 1.86 0,028 
Solidipig from: car ewe sue colon esina ema dams tile ce tintwam 2.00 0.027 
Boros spig fromr Car crated eer tetra are eee Sc et ah ata aha 2.10 0.028 
Ladlevanal ysis nae ohictracnte Case ntn xs sat cee ae Me ae RUA aha 2.03 0.021 
Porous pig yeas «fae te ceaisccey weenie chica tesa wae ent ss 2.05 0.025 
Cast thee, ; She: 0,025 
First ladle 2.35 0.017 
Setond ladle?..c33, 4:52.03 ap eae tue Sete eas ate ch tease ets 2.12 0.021 
One'pig from car (solid fracture). 22 =<. a... sen0 0s scene sn enede9@ 0.014 
One pig from ‘car (porous fracture): cme acini oe oe o <aigeteieisieiate’s 2.11 0,016 
Borings from individual pigs, at random from car: 
SAM PLE oo sae ae oi ota Sette ee a A State ee taste oe ee 2.10 0.023 
CEO I Oa a tia elie ale sce teleee © «een alates Gaeta ieee [ecteetetere 2.17 0.016 
cdi | lene See ape aaa ae A cibiaield a <\nieisighst sistas bse ame siete CACO 0.016 
COS Dich on id lice Umiaa ded a thiwie aS ROD eee eee 2.10 0.012 
Ot Hee ee ie na iasSteyS hele Oe owls Sinks ay afer nce tea ranantcin se Bul 3 0.015 
SIO coca = artic.) o1<, oe Sonning <4 ke eee eee eae eA LO 0.013 


The data so far collected go to show that the casting machine 
is the agent by which practical uniformity, with a reasonable 
allowance for the human fallibility of employés, can be obtained 
in the composition of any particular cast, one pig compared with 
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another, and will insure greater uniformity in the raw material 
of the foundry. It remains for the furnace to select the casts that 
fall within the specifications of any particular customer, as to 
silicon, sulphur, etc. If the specifications are not unnecessarily 
rigid, with allowances for the conditions affecting blast-furnace 
practice and the necessarily imperfect control over the alloys 
entering into its product, foundrymen will find in machine-cast 
sandless iron a useful assistant in helping to solve some of their 
problems. 

The physical appearance of machine-cast sandless iron is 
influenced by several conditions, which have no effect upon the 
quality, as determined by chemical composition. 

In a paper entitled “Blast Furnace Compared with Cupola 
Practice,” etc., attention was called to the many causes affecting 
the fracture, etc., of sand-cast pig. Similar causes operate to 
influence the physical appearance of sandless pig. To enumerate: 
The casting temperature from tapping hole of blast furnace, 
together with rapid or slow running into ladle car; the pouring 
temperature from ladle into molds; the temperature of molds, 
whether cold, warm, or hot; the generation of gas from water of 
hydration in the lime coating of molds, causing agitation of the 
molten iron and more or less boiling. 

The casting machine is formed of two parallel strands of 
molds. The speed or rate of movement can be regulated within 
certain limits. Usually the speed is such that any pair of molds 
are fifteen to twenty minutes in moving from the pouring end to 
the discharge end—distant go feet. In this time the liquid iron 
poured into the mold sets or freezes, forming a skin or shell. 
This shell is strong enough to carry weight of pig when discharged 
upon plates of conveyor. The interior, however, is in a liquid or 
semiliquid condition. 

When the molds are thoroughly heated, from having been 
filled the second and third time, without opportunity to cool, the 
shell forming exterior of pig is not strong enough to carry the 
weight. It cracks when dropped on conveyor, and “bleeds.” 
The pig will thus become hollow. This necessitates a temporary 
stoppage of the casting machine to allow time for the setting of 
the metal. In the highly heated condition the pigs are carried 
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by conveyor into a bath of water. The pigs are submerged for 
eight to ten minutes, and rapid cooling sets up internal strains so 
violent that upon emerging from the water-bath many of the pigs 
break into halves or quarters, etc., depending in a great measure 
upon the silicon contents. Sometimes, with low-silicon pig— 
below o.50 per cent.—the strains are so violent that large pieces 
are thrown out of the conveyor, jumping three or four feet, with a 
report like the discharge of a pistol. I presume the same effect 
would be noticed in iron containing high percentage of silicon, 
say 4 per cent. or over. Irons containing 1 to 2 per cent. silicon 
show but small percentage of broken pigs. With silicon over 2 
per cent. the breakage increases in proportion to the increase in 
silicon contents. 

While this effect may make the iron rather inconvenient to 
“stock” in customers’ yards, at the same time it has the counter 
advantage of permitting better distribution in the cupola. For 
small cupolas this should be a distinct benefit. 

The advantages of sandless iron accrue chiefly to the foundry. 
The benefit to the furnace is found solely in relieving the manage- 
ment from the labor troubles incident to securing men to break 
hot iron in the pig beds and remove from beds in the limited 
time necessary. As an economical proposition, our experience of 
a year or more would show that there is no saving of expense, 
but rather the reverse. The cost of labor and of maintenance of 
the casting machine is in excess of the human machine. In addi- 
tion, the yield of ore mixture in iron is less when the shipments 
are of sandless iron, as compared with sand-cast pig, thus showing 
that notwithstanding the usual allowance for sand, the customer 
receives more pounds of iron per ton of sandless than of sand-cast 
pig. This fact, together with greater ease of melting in cupola 
(the sand covering being more infusible than iron) and the greater 
uniformity of casting-machine sandless iron, will explain why it 
has met with such general favor. 

Referring to the infusibility of the sand-coating of pig iron, 
I am informed by a very observant manager of a puddle mill 
that he has frequently noticed in the hearth of a puddle furnace 
that the iron melts, leaving the empty silicious shell standing in 
the bath of liquid metal. This is broken down by the workman, 
and is then liquefied. 
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My attention has also been called to the fact that similar 
shells are occasionally found in the debris, upon the dropping of 
the bottom of a cupola. Several years ago a foundry superin- 
tendent, who had noticed the silicious coating when the bottom 
of his cupola was dropped, asked me if we could not furnish pig 
with all metallic surfaces. He argued that as the iron melted, 
and the sand coating at the same temperature did not, that the 
latter was an injury, in the way of requiring a larger quantity of 
fuel than would otherwise have been found necessary. He was 
agreeably surprised when told that in the course of a few months 
we would be able to supply him with pig iron entirely free from 
sand. 

All sand is not of the same fusibility. Quartz is very infusible, 
while another variety of sand may contain silica, alumina, and 
lime in such proportions that it may fuse at the same temperature 
as cast iron. Pig irons therefore cast in sand of differing grades 
or composition would be expected to show different results in this 
respect. 

Our experience with respect to sandless pig has been quite 
unique. It was to be expected that the pioneers, inaugurating 
such a revolution in the preconceived notions of foundry iron, 
would meet with more or less opposition and encounter difficulties 
in introducing machine-cast iron, calculated to discourage. This 
has not been our experience, and the fact speaks volumes for the 
intelligent appreciation and progressive spirit of the foundrymen 
much beyond the expectations of many of their associates, and 
certainly more than the innovators had any reason to expect. 

Almost without exception those who have given casting- 
machine sandless iron a fair trial request continued supplies in 
preference to sand-cast iron. 

Distinction is to be made between machine-cast sandless and 
the sandless pig made in chill molds. While the latter shares 
with the former all the advantages due to absence of sand coating, 
it is lacking in the more important element of uniformity, pig for 
pig. The beds of chill molds simply replace the beds of sand, 
and are filled in the same way—one bed after another as the metal 
is run direct from the furnace, without the intervention of a “‘ mixer” 
in the shape of a large ladle car, and the further intimate mixture 
consequent upon pouring from ladle into molds. 
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DISCUSSION. 


C. H. VANNIER: What is the weight of a cast? 

Epcar S. Cook: About 30 to 35 tons. At present we are 
running our small furnace on foundry iron. 

Mr. VANNIER: How do you pile the iron from the different 
casts? 

Mr. Cook: For the last several years we have not been 
piling; we have been shipping. It is very unusual for us to 
pile; but when we do pile it is done according to the differences 
in the analyses, allowing a variation in silicon of about 0.25 to 
0.5 per cent., and in sulphur of about 0.01 to 0.02 per cent.; one 
pile will thus contain iron running between 2 and 2.5 per cent. in 
silicon, etc. 

Mr. VANNIER: In this sandless pig iron you cannot detect 
any distinction in composition from the appearance. 

Mr. Coox: Yes, you can, when you learn the signs. The 
foundrymen can learn these by handling sandless pig just as well 
as in the case of sand pig. 

Mr. VANNIER: Suppose you should have an iron contain- 
ing 2 per cent. of silicon and 0.03 per cent. of sulphur and another 
iron containing 2.5 per cent. of silicon and 0.05 per cent. of sulphur, 
can you distinguish the difference? 

Mr. Coox. No, not with such small differences. 

Mr. VANNIER: You could pile the iron of those two 
different classes in a carload and the consumer could not dis- 
tinguish them from each other? 

Mr. Coox: No, they would be intimately mixed, and we 
would give the average analysis. The carload of iron would be 
graded at 2.25 silicon under these circumstances. 

Mr. VANNIER: The uniformity of the iron as received by 
the consumer depends on the care used at the furnace in shipping 
these different casts separately. 

Mr. Cook: It is very largely a question of personal equa- 
tion. 
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Mr. VANNIER: With sand pig the fracture will give the mr. vannier, 
consumer more or less accurate information as to whether the 
iron is high or low in silicon or sulphur; whereas with the sandless 
iron he has no means of knowing this. He must depend entirely 
upon the accuracy used in the piling and shipping from the 
furnace. : 

Mr. Coox: I think he has to do so very largely also in mr. cook. 
the case of sand pig. I do not think there is very much difference 
in that particular between sand and sandless pig. 

Mr. VANNIER: Of course, you can distinguish between No. 4 mr. vannier. 
and No. 1 iron very readily in their fracture. 

Mr. Coox: Yes; the difference in fracture is well marked. mr. coox. 
There is no difficulty whatever in distinguishing the grades of 
sandless pig by the appearance when the variations are con- 
sidered, after the ‘“‘new language,” as Dr. Raymond has called 
it, is learned. There are really better opportunities for learning 
to determine the composition of sandless iron by sight than in the 
case of sand iron. 

Mr. VANNIER: We use a good deal of sandless iron, and mr, vannier. 
generally speaking, it has been very uniform; but we have received 
shipments where, in the same carload, some of the pigs have shown 
a gray fracture and some have shown a white, chilled fracture. On 
analyzing the different samples, we have found, of course, as might 
have been expected, very wide variations in the chemical com- 
position. 

Mr. Cook: You certainly would under those circumstances, Mr. Cook. 
which would indicate carelessness at the furnace in shipping. 


THE PHYSICAL PROPERTIES OF MALLEABLE CASTINGS, 
AS INFLUENCED BY THE PROCESS OF 
MANUFACTURE. 


By Ricwarp G. MOLDENKE. 


As the matter of specifications for cast iron and finished 
castings is attracting considerable interest, it may perhaps be well 
to call attention to the necessity for a special clause in the one on 
“malleable cast iron” limiting the processes allowable in its manu- 
facture. The necessity for this action is the result of recent devel- 
opments along the line of heat treatment given the hard castings. 

As a general proposition, it has been long known that the 
hard castings may be either annealed a long time at the regulation 
temperature, or only a short time if the temperature be considerably 
higher, The results, while apparently the same, in that the 
combined carbon of the castings becomes the “temper carbon” 
characteristic of a good piece of “malleable,” are in reality not 
so reliable as might be expected in the case of the higher heat. 
There are several processes now in use which aim to reduce the 
period of anneal, to cheapen the cost, and to make quicker deliv- 
eries. Unfortunately, however, whether from an_ insufficient 
knowledge of the science of heat treatment or from lack of 
uniformity of material, the castings produced are not always good 
“malleable,” and lead to much loss and annoyance. 

Until we know more of the behavior of the iron going into 
the malleable castings when heated beyond the ordinary annealing 
temperatures, it would be well to call for a minimum number of 
hours during which the work to be tested for acceptance has been 
given the full heat of the ovens. For light work this might be 
placed at sixty hours, and for ordinary or heavy material at 
seventy-two. When the makers of malleable castings, who anneal 
their work a few hundred degrees higher and thus shorten the 
period, can prove to the buyer that they can do this successfully 
every time, this clause relating to length of time under full heat 
can be modified or done away with. So far, however, these varieties 
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of the malleable casting seem to be sold as steel, and very likely 
to consumers who cannot tell the difference. 

For the benefit of the foundry industry, it is to be hoped that 
the heat treatment of the malleable casting be thoroughly investi- 
gated, and on a commercial scale. Much of value would be 
learned in this way, and the spasmodic attempts to reduce the 
cost of annealing by varying the method of carbon conversion be 
brought down to a scientific basis and subsequent business results. 

In addition to the annealing question there must be considered 
the melting process to be followed. Three methods are now in 
use here: the cupola, air furnace, and the open-hearth processes. 
Lately a modification of the Bessemer process is being introduced, 
but it is too new to be taken into account yet. The crucible process, 
which undoubtedly gives the best results, is obsolete in this country. 
Contact with the fuel during melting cannot do otherwise than 
injure metal so low in silicon as this must be, and hence the cupola 
process gives the poorer grade of “malleable,” the higher anneal- 
ing temperature required not improving matters either. For 
important work this class of malleable is always excluded. Where, 
however, there is no necessity to resist shock, and the factor of 
safety is amply large, there is no reason why cupola malleable 
should not be used, and about a half cent or so a pound be 
saved. 

As between the air-furnace product and that of the open- 
hearth, the latter, when produced properly, is undoubtedly the 
best, and the industry is gradually working in that direction. The 
expression “produced properly” is used advisedly, as the mistake 
of using steel melters for getting out “malleable” heats is made 
only too often. The consequence is an attempt to get a reaction be- 
tween the oxygen introduced with the carbon of the bath, with the 
result that the former remains and poor iron results. ‘The malle- 
able process should not be made a refining process, in spite of the 
prevalent theories to that effect. The reduction of the total carbon 
undoubtedly improves the tenacity of the castings, but this is best 
accomplished by the addition of steel scrap. ‘The temperature of 
the melt is unfortunately not sufficient, even in the open-hearth 
furnace at the time of pouring, to bring about the carbon-oxygen 
reaction completely, and hence the metal is affected injuriously. 
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Were it steel, the addition of ferromanganese would soon mend 
matters; but unless to remove undue sulphur, this should be kept 
away from ‘‘malleable.” 

A plentiful application of muscle to get a quick and even 
melt is what is wanted for malleable work, and hence while it 
is good to have an open-hearth expert about to preserve the 
furnaces, he should not run the heats, a muscular “‘ Hungarian” 
doing much better. 

The air-furnace product, though not so good as that of the 
open-hearth, on account of the longer duration of the melting 
period, is nevertheless serviceable for the best class of work, and 
hence no distinction need be made in drawing up specifications. 
Attention to this difference is only called here to benefit those 
who may have trouble with their installations. Personal experi- 
ence with both classes of castings for many years would indicate 
that the open-hearth material has the advantage over the air- 
furnace product by about 2000 pounds per square inch in tensile 
strength, this figure being the average taken from a large number 
of samples cut from castings of both kinds. As, however, it is 
undesirable to run the tensile-strength too high, say not over 
52,000 pounds per square inch or thereabouts, and air-furnace 
iron can be made to touch this point readily, there is no immediate 
cause for worry. A moderately strong iron is, in fact, better able 
to resist shock, and therefore specifications should only give the 
minimum tensile strength, say 40,000 pounds per square inch. 
The highest limit obtainable has reached 63,000 pounds. 

The near future will doubtless bring out much on the process 
question in malleable, and indeed a good set of specifications 
covering the best practice will hasten it on. 


CAST IRON. 


A CONSIDERATION OF THE REACTIONS WHICH MAKE IT 
VALUABLE. 


By HERBERT E. FIELD. 


My reason for bringing so general a consideration before a 
body whose chief attention is devoted to the study of testing lies 
in the fact that if we are to successfully adopt tests for cast iron 
we must have a complete knowledge of its composition and reac- 
tions. It has been the lack of this knowledge that has led to 
repeated statements that cast iron was not a reliable product, that 
its composition was only an imperfect guide to its properties, etc. 

Only in the midst of actual experience in melting and using 
all grades of cast iron, under different conditions and for different 
kinds of work, do we begin to realize its complex nature and 
reactions. Under such conditions one is able, in endeavoring to 
explain the many problems and apparent contradictions which 
arise, to get an inkling concerning the causes which underly 
these changes, and to explain many of them. Cast iron has not, 
to my knowledge, been previously presented in the light in which 
it will now be considered. 

The properties which make cast iron an invaluable product 
are its low shrinkage and its fluidity, which combine to produce 
an exactness in outline of mold, together with its adaptability to 
various kinds of work from the softest casting to the hardest chilled 
product. We know that carbon, silicon, sulphur, phosphorus, and 
manganese each has its part in producing the above properties. 
We are acquainted in a more or less accurate degree with the 
intensity of the actions of different percentages of these elements. 
This knowledge is, however, but superficial, and is obtained by 
observing the effects of certain amounts of these elements on the 
resultant product. The reasons for these results and the reactions 
which take place during their accomplishment are what we are ~ 
now concerned with, and for which we will try and offer an 
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explanation. A consideration of the reactions which make cast 
iron valuable will form the subject-matter of my paper. 

Cast iron is iron containing various impurities which give it 
the properties necessary for its application as a cast product. It 
is distinguished from cast steel by its carbon content. The line 
where cast steel leaves off and white iron begins is an indeter- 
minate one, and will become more and more so as we become 
better acquainted with this subject and put our knowledge into 
practical operation. We are wont to divide cast iron into two 
regular divisions: white and gray iron. In the former we have 
the malleable and chilled divisions; in the latter the innumerable 
different grades of gray iron, each adaptable for a different kind 
of work. I have said that the per cent. of carbon was the distin- — 
guishing line between cast iron and cast steel. I further state that 
cast iron is cast iron because of its carbon. We must take into 
account the properties of this exceptional element if we would 
study cast iron and would understand the varied reactions which 
take place in its formation. The fact that carbon, of all the 
elements, will produce these effects upon iron gives us the clew 
to the various phenomena noted in our study. Let us for a moment 
consider these properties which make carbon the controlling ele- 
ment in cast iron. We have as yet been unable to melt carbon; 
the highest temperature of the electric furnace has failed to over- 
come the attraction between its particles and change it to a liquid. 
It is this property which makes carbon so prominent a factor in 
iron and steel. It will be further noted that the temperature to 
which iron is heated, and the forces exerted by the iron particles 
during these temperatures, is sufficient to overcome the attraction 
existing between the carbon particles and to allow them to move 
freely about with the iron particles in the melted iron; or, inasmuch 
as we are for the moment considering the properties of carbon, 
we can reverse this statement and say that the attraction between 
the particles in the carbon is just such as is overcome by the high 
temperature of iron, together with the action of the particles of 
iron at such temperatures. Tin, lead, antimony, and copper have 
no such effect on carbon. Either their temperatures are too low, 
or the action of the particles insufficient to bring about the disrup- 
tion of the carbon. The carbon molecule is considered to have 
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a large number of atoms, and this fact has its application in its 
action in cast iron. ‘The specific heat of carbon at high temperature 
is 0.459, which is, with the possible exception of beryllium, the 
highest of any known solid element, and this varies as the tempera- 
ture rises. (The explanation of the bearing of this point will be 
made later in the paper.) We have then four properties which 
make carbon the controlling element in cast iron: 

First. Great attraction exists between its particles. 

Second, This attraction is overcome at just such tempera- 
tures and by just such action as is present in cast iron, 

Third. The carbon molecule is composed of a large number 
of atoms. 

Fourth. Tt has a high specific heat, which increases as the 
temperature rises. 

We are told that cast iron is a mixture of steel and fine 
graphite. If true, it is an interesting fact to know, but it is 
of little practical value to us in our use of cast iron. It is 
the reactions which take place in the formation of the product 
which will prove of value, if we can but understand and control 
them. <A ladle of steel, with graphite mixed in mechanically, 
would not be much like cast iron. It is the reactions which take 
place and the manner in which they take place, when this graphite 
forms, that make cast iron so useful a product. Its first value 
lies in the fact that it may be cast into molds and retain the form 
of these molds even though they be thin and intricate. It is 
valuable then because of its fluidity. 

Take a ladle of steel in the molten state; it will set quickly; 
it will not run thin intricate shapes; it shrinks badly. Let us now 
mix with it mechanically some graphite, stirring it in well with a 
rod. Will it remain hot any longer? Will it run a thin casting 
any better? Will it shrink any less? Not perceptibly. What is 
it then that makes our cast iron suitable for casting? 

Pure iron when melted has none of the properties which 
would make it suitable for a cast product. Carbon and iron under 
certain conditions make what is known as cast iron, What are 
these conditions? 

If we bring molten iron at a sufficiently high temperature in 
contact with incandescent carbon the iron will absorb the carbon 

14 


ae 


210 FIELD ON THE Reactions oF Cast [Ron. 


or will enter into a solution with the carbon. Let me again refer 
to the strong attraction existing between the carbon particles. 
This attraction must be broken or weakened to allow this forma- 
tion of solution by the carbon and iron. When two bodies enter 
into solution heat is rendered latent. So in our iron-carbon solu- 
tion there must be heat given up to overcome the attraction 
existing between the carbon particles. The amount of heat so 
used up must be considerable, when we consider the great attrac- - 
tion existing between the carbon particles. This heat rendered 
latent in the solution of the carbon with the iron must be changed 
into motion of the particles of the carbon. 

Pure iron under maximum conditions of temperature is said 
to absorb about 6.5 per cent. of carbon. The latent heat used up 
in the solution or dissolution of this carbon, together with another 
element, which will be considered later, forms the chief factor in 
reactions which cast iron undergoes in the casting process. Let 
us assume for the moment iron heated to a sufficiently high tem- 
perature and holding 6 per cent. carbon in solution. This iron 
is allowed to cool slowly; as the temperature decreases some of 
the carbon particles reunite and give up their motion, which is 
changed back into heat. In other words, a part of the carbon 
separates out of solution and in so doing gives up its latent heat 
of solution and prolongs the cooling of the iron. This continues, 
and as the temperature decreases more carbon separates out, and 
more heat is given up and the cooling is prolonged. It is this 
giving up of latent heat as the carbon separates out of solution 
which prolongs the fluidity of cast iron and makes it valuable as 
a cast product. The act of casting iron into molds sets into action 
the latent power which makes cast iron so useful. We pour cast 
iron into a mold; the action of the mold upon the iron reduces its 
temperature; in doing so it reduces its power to hold carbon in 
solution, and the carbon in separating out gives up the latent heat 
which prolongs the fluidity just at the instant when this fluidity 
is most needed. This then accounts for the fluidity. 

The second important property of cast iron is its low shrink- 
age. As iron high in carbon cools from a high temperature while 
still in the molten state, the carbon separates out and may be 
seen flying from the top of the metal. This is readily seen in our 
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casting houses. After casting, however, the outside of the casting 
soon sets and the carbon can no longer be thrown off as it separates 
out during further cooling. It is retained in the iron as graphite 
or free carbon interspersed between the particles of iron. It is 
this separation of the carbon in the interior of the casting after the 
outside has set which accounts for the low shrinkage of cast iron 
as compared with steel. That this shrinkage is proportionately 
less the higher the carbon content, coincides directly with this 
assumption. 

We have another action of carbon to consider, viz.: its action 
after the solution of iron and carbon is set, but is still at a very 
high temperature. It is known that solid iron at a high tempera- 
ture will absorb carbon from incandescent carbon; that at a high 
temperature combined carbon will change to temper carbon, as 
in annealing; that carbon will pass from a piece of high-carbon 
steel to a low-carbon steel held in contact with it and both heated 
to a sufficiently high temperature. These facts prove that when 
iron is in an apparently solid state the carbon particles are free 
to move about and react. 

Saniter’s analysis of an iron containing 4.27 per cent. carbon 
and cooled slowly gave a combined carbon of 1.22 and a graphite 
of 3.05. ‘This would indicate that the amount of carbon which 
pure iron normally holds in solution in the solid state is about 
1.20. 

We have before noted that the greatest amount of carbon 
which could be held in solution was 6.5 per cent., and this only 
under maximum conditions of purity and temperature. ‘The 
saturation-point of pure iron for carbon varies between 6.5 and 
1.22, according to the temperature, and as an iron saturated for 
a certain temperature cools below that temperature carbon sepa- 
rates out until when the iron sets it holds approximately 1.20 per 
cent. carbon in solution. The amount of heat evolved depends 
upon the temperature and the amount of carbon in an iron-carbon 
solution when it begins to cool. 

We have assumed in this instance that the iron was allowed 
to cool slowly. If it were cast against a chill and the heat imme- 
diately removed all the carbon could be prevented from separating 
from solution and thus from giving up its latent heat. The fact 


212 FIELD ON THE REACTIONS OF CAST IRON. 


that the same iron when chilled and when allowed to cool slowly 
produces such a different structure, indicates that the latent heat 
of solution which is held by the quick cooling in the first case 
and in the latter is allowed to react, is a very strong factor in 
determining the character of cast iron. We can draw many 
examples from every-day practice to show the effect of this evolu- 
tion of heat by saturated iron in cooling. If we allow two irons, 
one with 4 per cent. carbon and the other with 2 per cent. carbon, 
both with low silicon, to cool slowly, one will have a gray fracture 
and the other a white fracture. In the former example the heat 
evolved by the 4 per cent. less 1.20 per cent., or 2.80 per cent. 
carbon, in separating from solution so prolongs its cooling as to 
allow for a separation of graphite. In the latter the 2 per cent. 
less 1.20 per cent., or o.8 per cent. carbon, does not evolve sufh- 
cient heat to accomplish this. Slow cooling then is absolutely 
necessary in producing gray iron. The 4 per cent. carbon iron 
when cast against a chill gave a white iron, but when allowed to 
cool by itself the latent heat given up by the separation of the 
carbon from solution prolonged the cooling and gray iron resulted. 
The 2 per cent. carbon iron even when allowed to cool by itself 
produced a white iron. 

The high specific heat of carbon has its effect upon the rate 
of cooling of cast iron. Let us look for a moment at the atomic 
heat calculation. The specific heat of carbon at low temperature 
is 0.198; at 1800° it has been found to be 0.459. Figured from 
an atomic heat of 6.3 the specific heat should be 0.525. If the 
specific heat rose in proportion from 1800° upward, as it did 
from low temperature to 1800° F., we should have carbon with 
a specific heat of 0.525 at a temperature of about 3200° F. If 
we assume the temperature of our molten iron to be 2600° F. and 
the temperature at which further separation of the carbon as 
graphite or temper carbon ceases to be 1800°, then we have 800°, 
in which the cooling of the iron affects the condition of the carbon, 
and hence the quality of the iron. Let us assume the specific heat 
of the carbon in passing through these degrees of temperature to 
be 0.5, the per cent. of carbon in our iron to be 4, the specific 
heat of the iron to be o.11, and the per cent. of the iron to be 96. 
The difference in specific heat between the carbon and iron would 
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be 0.39, or the excess in the amount of heat necessary to raise the 
unit of carbon one degree over the unit of iron would be 0.39. 
Hence in cooling there would be 0.39-times 4, or 1.56 heat units 
evolved over the normal amount which would be evolved by roo 
per cent. of iron. In other words, the heat evolved by the carbon 
in cooling would decrease the rate of cooling of the iron and carbon 
by about one-seventh. When one considers the great changes 
which a small difference in temperature makes in the structure 
of cast iron the importance of this difference in the rate of cooling 
will be appreciated. The rate at which iron cools affects the 
structure of soft iron, more especially between its casting tem- 
perature and about 1800°. With hard iron, however, the rate at 
which it passes through the degrees down to 1200° has an effect 
upon the ultimate composition of the iron. No attempt has been 
made to make this calculation other than approximate. My 
object in introducing it is to show that the high specific heat of 
carbon delays the cooling of the iron and gives further time for 
the separation of carbon, and hence the evolution of latent heat. 

I have previously alluded to a second factor which has an 
important effect upon the properties of cast iron. That factor is 
silicon. I have shown that carbon in separating from solution 
prolonged the fluidity of cast iron, in fact gave to cast iron the 
properties of a cast product. We then assumed a pure iron with 
carbon its only impurity. In practice this is never encountered, 
and while many irons with low silicon have an application as cast 
iron, yet in all cast irons silicon plays an important part. Pure 
iron under maximum conditions is said to dissolve about 23 per 
cent. silicon. Iron will then dissolve about three and one-half 
times as much silicon as carbon, and, moreover, carbon and silicon 
each reduce the solubility of iron for the other by an amount which 
is proportionate to their solubility. For example, an iron con- 
taining 23 per cent. silicon would dissolve no carbon, while an 
iron containing 6.67 per cent. carbon would dissolve no silicon. 
Proportionately an iron containing say Io per cent. silicon would 
dissolve 3.8 per cent. carbon, etc. It must be remembered, how- 
ever, that this would be under maximum conditions as to heat 
and purity. The high point of solubility of iron for silicon and 
carbon in the best brands in the United States is about 17. This 
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does not mean that the sum of the silicon and carbon percentages 
ever reaches 17, but inasmuch as iron absorbs about three and 
one-half times as much silicon as carbon before it becomes satu- 
rated, the 17 is the silicon percentage plus three and one-half 
times the carbon percentage. Irons for soft foundry work which 
run 15, when figured in this manner, might be called rich, 15.5 very 
rich, and 16 excellent, while 17 is exceptional and very seldom 
seen in ordinary foundry iron. The amount of carbon which an 
iron will contain when it comes from the cupola depends largely 
upon the amount of silicon. Silicon is chiefly useful as a softener, 
that is, as a producer of graphitic carbon. Iron will dissolve 
silicon more readily than carbon, as shown by the greater amount 
it will dissolve. This is probably due to the fact that the silicon. 
molecule is simpler and more readily broken up than the complex 
carbon molecule, and that it contains a much less number of 
atoms to the molecule. 

We have quoted Saniter’s experiment to show that a high- 
carbon iron cooled slowly retained in the solid state 1.20 per cent. 
combined carbon. From this we conclude that the solubility of 
solid iron for carbon is about 1.20. If we assume this to be true, 
and our ratio of 3.5 to 1 holds good, then an iron containing 4.20 
per cent. silicon, cast under the same conditions as Saniter’s 
experiment, could hold no carbon in solution in the solid state. 
This we find to be essentially true in practice. Figuring in the 
same manner, an iron with 3 per cent. silicon would retain approxi- 
mately 0.3 per cent. combined carbon; an iron with 2 per cent. 
silicon, 0.6 per cent. combined carbon, and an iron with 1 per 
cent. silicon, about 0.9 per cent. combined carbon. These results 
are sufficiently close to our actual experience to indicate that our 
assumption is correct. 

The specific heat of silicon is 0.20, and thus the silicon 
retards the cooling to a certain degree on account of its specific 
heat. The 1.20 per cent. carbon held in solution in the solid 
state by iron containing no silicon may be forced from solution 
by silicon. The latent heat of solution of this carbon will prolong 
the cooling of the iron and give it fluidity, while the fact that the 
combined carbon has been changed to graphite will lend softness 
to the iron. This last 1.20 per cent. combined carbon, which is 
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forced from solution by the silicon, separates at or near the solidi- 
fying temperature and gives up its latent heat just when it is most 
needed to prolong the cooling, to increase the fluidity and softness 
and to decrease the shrinkage. High-carbon irons are always low- 
silicon irons, and high-silicon irons are always low in carbon. It 
would be possible to have a high silicon low-carbon and a low- 
silicon high-carbon iron of exactly the same hardness. The pro- 
portion of carbon to silicon is determined by the class of work for 
which the iron is intended. The difference in effect of carbon and 
silicon upon iron is very marked. It is this difference which gives 
carbon the advantage over silicon as a softener for cast work. No 
definite figures could be laid down as the best proportions to use 
of carbon and silicon for various grades of work. One thought 
should, however, be remembered. Silicon in iron is not a desir- 
able factor. The per cent. of silicon used should be just sufficient 
to force from solution the amount of carbon desired in the free 
state in the work in question and to furnish the requisite fluidity 
for casting it. 

The effects of phosphorus, sulphur, and manganese and their 
action on the carbon-silicon ratio should have a place in the paper, 
but time prevents my discussing them at this time. 


THE IMPORTANCE OF ADOPTING STANDARD SIZES OF 
TEST-BARS FOR DETERMINING THE STRENGTH 
OF CAST IRON. 


By ALEXANDER E. OUTERBRIDGE, JR. 


It is a fact well known to founders, that the physical prop- 
erties of cast iron, such as strength, hardness, ductility, coarse- 
grainedness or “‘fracture,” etc., depend not alone upon the chem- 
ical constitution, but also upon the rate of cooling of the metal 
from the fluid to the solid state. 

It is quite possible to obtain from one ladle of molten pig 
iron, castings having widely different physical properties, covering 
the entire range from hard white iron to soft gray metal, by simply 
regulating the rate of cooling of the iron when poured into the 
castings. ‘This may be accomplished in a variety of ways, as 
follows: 

t. Let us assume that we have metal of approximately the 
following composition in a ladle: 


Graphiticicarbontec aster tecrsiers cree ete aoe te 3-00 per cent. 
Combinedicanbon 2a... e<.eces shige eevee 0.75 es 
SiliGon ty ase acunctem iar onisteete eee Sreare sie one 0.65 SG 
Manganese < Sssmisaeccmis wie losses siete eisieree 0.15 i 
Phosphorus. sje cattcis/ace oer ie Wereste sce ae eres cate 0.50 sh 
Sulphur ih. cgieilecwwes ose see coe pecans ones 0.10 ss 
Tron ie Satie sng eae ae eee ee anes 94.85 “ 


Suppose that we cast this metal into a solid wedge-shaped 
bar six feet long, six inches square at the thick end, tapering to 
one-quarter-inch square section at the thin/end. If we break 
the bar into short pieces, say about six inches in length, we will 
find almost every grade of cast iron (as shown by the fracture) 
from white iron at the thin end of the wedge, to dark gray metal 
with coarse-grained fracture at the thick end. Between these two 
extremes we will find intermediate grades of cast iron. If we now 
cut from the gray portion of the bar, pieces of convenient size 
for tensile tests, we will find, on pulling them in a testing machine, 
astonishing variations in the strength of the metal. 
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A chilled cast-iron car wheel is a more familiar illustration 
of a casting having widely different physical properties in its 
different portions, depending upon the rate of cooling of the metal. 
The ‘‘tread” or rim, which is cooled quickly, is white iron, while 
the “plate” or body of the wheel, which is cooled more slowly, 
is gray, and the hub, which “sets” still more slowly, is usually 
quite soft, coarse-grained, dark gray metal. Tensile tests of the 
gray iron in the plate and of that in the hub of a wheel show 
great difference in strength. In one test the iron from the plate 
of a wheel gave tensile strength of about 30,000 pounds per square 
inch, while the metal from the hub of the same wheel showed 
tensile strength of less than 20,000 pounds per square inch. The 
metal from the plate was comparatively fine-grained, while that 
cut from the hub was coarse-grained. 

2. If we should cast a solid block of iron, say about 15” x 
15’ x15’, and should plane off the surfaces, then cut up the 
block into a large number of bars, say 1” x 1’ x 14”, for trans- 
verse and tensile tests, we should find an enormous difference in 
the strength of the metal from different portions of the casting, 
the bars from the center of the block would be much weaker than 
those from the outer portion, while the fracture would show very 
much coarser grain and darker.color in the bars cut from the inte- 
rior of the block as compared with those from the outer portion. 

3. If we should cast several test-bars from one ladle of iron, 
all of the same length, say 15’’, but varying in thickness, ranging, 
let us say, from 1} to 2} diameter, we would find if we should 
pull the bars on a testing machine, astonishing differences in tensile 
strength, the larger bars having, as a rule, much less strength per 
_ square inch than the bars of smaller diameter. 

4. If we should cast several test-bars all of the same size, 
from one ladle of iron, -and cool some of them rapidly, others 
slowly, we would find remarkable differences in strength and 
resilience of the bars, those which had been cooled quickly would, 
as a rule, be much stronger than those which were cooled slowly. 
I am assuming in all cases, except the first, that the metal would 
be entirely gray in the castings—. e., free from any tendency to 
mottled iron. 

In the first case cited, I selected a “high-chilling” mixture 
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(low in silicon), corresponding to car-wheel iron, in order to present 
the greatest contrast in the physical properties of the metal in 
different parts of the wedge-shaped bar, ranging from white iron 
at the thin end to dark gray, coarse-grained metal at the thick 
end, as well as in different portions of a chilled cast-iron car wheel. 
It is not necessary, however, that we should select special metal 
for such tests, the law holds good for all grades and kinds of iron 
commonly employed for castings. 

The second experiment referred to, viz.: the casting of a solid 
block of iron about 15” x15” x14”, is not a hypothetical case, 
but was an actual experiment which I made in 1888, a brief 
description of which may be found in the Proceedings oj ihe Fijih 
Annual Meeting of the American Society jor Testing Maierials,. 
Vol. IL, page 214. This block was cast from an ordinary foundry 
mixture such as is commonly used for miscellaneous castings. 
The block was planed and sawed into eight slabs of one inch 
thickness each, the slabs were then cut into bars 1” x1’ x14”, 
making in all sixty-four test-bars; they were numbered serially 
and then broken on a transverse testing machine with supports 
12” apart. The highest records of strength were found in the 
outside rows, in accordance with expectation, the average break- 
ing stress of the bars forming the bottom row, for example, was 
2800 pounds, the fracture being close-grained. The bars cut 
from the center of the block were much weaker and the fracture 
showed very coarse grain. The average breaking stress of the 
bars from the center of the block was 1750 pounds. 

For the third case (also an actual experiment) a fairly strong 
mixture was employed. Four round test-bars, fifteen inches long, 
were cast from one ladle of iron, two of the bars were 1}” in 
diameter and two were 12” diameter, in the rough castings. The 
12” bars were turned, for a length of 10” between shoulders, to 
a diameter of 1.129”, giving an area of one square inch. The 
1}” bars were turned, for a length of ten inches between shoulders, 
to a diameter of 0.899”, giving an area of 0.635 square inch, 
the ends being threaded for the grips of the testing machine. The 
following table, selected from a number of similar tests, will show 
the great difference in strength per square inch between test-bars 
1}” and 1?” diameter, cast from the same ladle of iron: 


a 
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Test No.| Date. Rosey Rated iy eae Bees REMARKS, 
| | Sq. Inch, 
1167 |2|27|)’00| t 5-8’ | 1.129'” | 1.000 | 29,300 Fracture close grain. 
1168 rt 5-8” | 1.129’ | 1.000 | 28,900 by hy 
1169 7; 1 1-4! .8909/ .635 33,160 i" « “ 
II70 SS r 1-4" .899" 1635) | 33,200 ; a4 a 


Other similar tests were made corroborating the foregoing, 
and all tending to show the importance of adopting standard sizes 
of test-bars for determining the strength of cast iron when poured 
into castings of different dimensions. 

Records of tests of cast iron are useless, for the reasons here 
given, unless the rough dimensions and finished sizes of the bars 
are stated. Recently, for example, an excellent paper on “ Melting 
Steel with Cast Iron” was read before the New England Foundry- 
men’s Association, and printed in extenso in many technical 
periodicals. Records were given of eighteen separate melts of 
cast iron and steel scrap, with complete chemical analyses of each 
melt, together with six tensile and transverse tests from each melt, 
making 108 breaking tests in all, but nowhere could I find any 
statement showing the dimensions of the test-bars, either rough 
or finished, so that it was impossible to make any use of these 
records for purposes of comparison. This is by no means an 
exceptional instance. 

The rate of cooling of cast iron from the fluid to the solid 
state is such an important factor in determining the physical 
properties of the metal, that it is just as important to know the 
dimensions of the test-bars as it is to know the chemical compo- 
sition. It is equally desirable, for the same reason, that standard 
sizes of test-bars should be adopted which would be suitable for 
different grades of iron. 

At the present time the whole matter of testing cast iron is 
in such a chaotic state that few of the published tests are suscep- 
tible of comparison, one with another, or even of affording reliable 
information regarding the character of the metal. It is with the 
hope of drawing attention to this important subject that these 
brief notes are here presented showing a few actual tests that have 
been made, from time to time, during the past fifteen years. 


Mr. Scott. 


Mr, Moldenke. 


Mr. Field. 


DISCUSSION.* 


Mr. Scott.—I think that each foundryman should use a 
test-bar of such form and size as may, in his judgment, give him 
the most reliable information of the material he is using. In cases 
of dispute an “‘arbitration” test-bar should be used of a standard 
size and shape and made under fixed conditions. 

RICHARD MOLDENKE.—The American Foundrymen’s Asso- 
ciation went into this matter of test-bars probably more thoroughly 
than anyone else, and the underlying principle was to get such a 
series of bars that one or more could be picked out of which it could 
be said that all external deleterious influences were absent. Hence, 
round and square bars, rough and machined ones, green-sand and 
dry-sand bars, all of them cast on end, to avoid the difference of 
strength on the cope and drag sides when cast flat, were prepared. 
These bars were made from twelve kinds of iron, and the results 
indicated very plainly that a 14-inch round test-bar came nearest 
to the ideal one. It further developed that what we wanted was 
not so much the value of the particular casting a bar was supposed 
to represent, as every founder knows that this is only a rough and 
sometimes a bad approximation, but a system which would give 
the true value of the iron used, all influences tending to better or 
destroy its inherent characteristics being absolutely cut out. 

As we all know, however, that éveryone will continue to use 
his favorite bar, whether we decree to the contrary or not, the idea 
of the ‘‘arbitration” bar is worthy of our best consideration. 
Since such a bar would be used only when disputes arise, it can 


‘be made with special care and at some extra expense, as it will 


serve as a means of settling important commercial disagreements. 
Such a bar may solve the present difficulty, and it is to be hoped 
that the committee will agree on something of the kind. 

H. E. Fre.p.—I should like to say a word on the test-bar 
question. I happen to be a member of the sub-committee of 


* See also Discussion on Test-Bars, pp. 43 and 44. 
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which Mr. Souther is chairman, and gave considerable time to 
the letter which he sent out. This letter asked for the opinion 
of the members of the: committee concerning a standard bar of 
definite size. There seems to be a great difference of opinion 
concerning this test-bar question. Some claim that the bar should 
be of one size and that this should be of a section which would 
most clearly represent all cast iron. Others contend that a test- 
bar should be of such size and shape and cast under such conditions 
as to most clearly represent the strength of the casting or castings 
with which the bar is cast. One contends for a test of iron in the 
abstract, the other for a test for iron in casting. The first is of 
theoretical value, the second of practical value. In connection 
with some work for the Government, which included carriages for 
guns and mortars and castings for various-sized shells, I came to 
the conclusion that the test that most clearly corresponded with 
the strength of the casting was a hollow cylinder the thickness 
of the walls of which corresponded to the thickness of that part of 
the casting which was to stand the greatest strain. For shells the 
diameter and thickness was made to correspond to that of the 
shells. For large castings a cylinder 14 or 15 inches in diameter 
with a core varying in diameter so as to produce the required 
thickness, gave very satisfactory results. If the castings are 
excessively heavy and the part on which the greatest strain comes 
is relatively light, the core should be made smaller and set to one 
side of the cylinder, leaving a thickness on the thin side which 
shall correspond with the thickness of the part of the casting which 
stands the greatest strain. The large body of metal in the rest 
of the cylinder will cause it to cool under similar conditions to the 
casting with which it is cast. The cylinder may be made from 
to to 16 inches in length according to the length of the test required. 
The cylinder is strapped on a planer and a piece cut out with 
two tools set in one head of sufficient size to allow a test plug of 
the required size and shape to be turned out. 

If we are to adopt standard tests for cast iron, we should make 
these tests sufficiently flexible to include all grades of castings. 
If you were going to cast a shell 3 inch thick, and a cylinder 4 
inches thick, each required to stand a tensile strength of 30,000 
pounds per square inch, you would not put the same iron into 


Mr. Field. 


Mr. Field. 


Mr. Wood. 


Mr. Outer- 
bridge. 
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both; if you did, you would not get 30,000 pounds per square 
inch in both. I cannot therefore see the logic in adopting a single- 
size test with which to test both. A previous speaker has said 
that we do not want to get the test which will be interfered with 
by the sand in which it is cast. I differ strongly on this point. 
I think that the test should be subjected to the same conditions 
as to sand, etc., as is the casting which it is supposed to test. In 
other words, I hold that what is needed is a better knowledge of 
the strength in our castings, and not what the iron will bring in 
some special-sized test-bar which may or may not give the same 
results as the iron in the casting. 

WALTER Woop.—I think there is a great deal of value in Mr. 
Field’s suggestion that in order to fairly represent a given casting, 
the test-bar should be made under similar conditions and of a 
special shape. But, after all, is not that an individualization of 
the test-bar rather than its standardization? If our committee 
agree first on the standardizing of the bar, the question of indi- 
vidual bars to fit a particular kind of work may be afterward 
considered. This course, it seems to me, will lead to quicker 
results. 

ALEX. E. OUTERBRIDGE, JR. (by letter) —The “Arbitration 
Bar,” since proposed by our Committee B, on “ Standard Specifi- 
cations for Cast Iron and Finished Castings,’’ which is a round 
bar cast, on end, 14 inches in diameter and 15 inches long, is the 
same as the bars of tests Nos. 1169 and 1170, given in the paper 
under discussion. As these bars, made of “a fairly strong mix- 
ture,’ gave tensile strengths exceeding 33,000 pounds per square 
inch, it will be seen that the requirements as to tensile strength of 
the arbitration bar (ranging from 18,000 pounds per square inch 
for light castings to 24,000 pounds per square inch for heavy cast- 
ings) are extremely moderate, and should not be at all difficult 


to fill. 


THE DEMAND FOR A SPECIFIED GRADE OF PIG IRON. 
By W. G. Scorr. 


The present period may be justly termed the “Iron Age,” 
or rather the beginning of such an epoch, as iron and steel are 
the most important metals known to commerce. Imposing struc- 
tures of steel are replacing buildings of wood, and steel bridges 
attest their superiority in all parts of the world, while machinery 
and agricultural implements formerly made in greater part of 
wood, are now constructed almost solely of iron or steel. 

Great progress has been made in the manufacture of steel, 
in fact more than in any other branch of metallurgy, and this 
advancement is due chiefly to the science of chemistry. No great 
advance has been made in the manufacture of wrought iron, and 
only recently has there been much improvement made in the 
methods of producing pig iron. 

When pig iron was graded and sold by fracture, the main 
point considered was in the production of a close or open-grained 
iron. An open-grained iron was supposed to be soft, while a 
close grain indicated hardness and strength. The iron was graded 
by fracture and the grades numbered according to the size of the 
crystals, a very large crystal or open-grained iron being designated 
as No. 1 Foundry, or No. 1 Soft; a somewhat closer grain was 
termed No. 2, and a still closer grain No. 3. Mottled and white 
iron with their higher numbers were distinct grades, but the dif- 
ference in grade of the lower numbers was not always clearly 
defined. 

There is no question but what the fracture is in a measure 
an indication of the temporary hardness or softness of the iron, 
but we now know that the effect of the temperature in changing 
the form of the carbons not only affects the hardness but governs 
the size of the crystals. In an iron quickly cooled the crystals 
are small, and the iron generally hard, owing to the fact that the 
graphitic carbon has been changed to the combined form. Slow ° 
cooling favors the formation of graphite and produces an open 
grain, the iron being generally soft. 
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The pig-iron man has known this for years, and since the 
advent of applied-iron chemistry he has learned how to produce 
a pig iron with a given chemical composition: in fact, he can fill 
an order and comply with the terms of a specification limiting 
certain metalloids to a fraction of a per cent. He has learned 
the proper temperature in melting so as to produce an iron high 
in silicon and low in sulphur; the kind of flux necessary to produce 
an acid or basic slag in order to increase or decrease manganese, 
carbon, etc. He has learned how to mix different ores so as to 
produce an iron of definite composition; furthermore, he is still 
learning, and the result will be that the process of pig-iron making 
will soon rival that of steel. 

The most important factor in the advancement of steel-making 
was in the production of a material strictly complying with the 
terms of a certain line of specifications; consequently, in order to 
fulfil the rigid terms implied, all guesswork and rule-of-thumb 
methods were discarded and the science of metallurgical chemistry 
installed. 

If science and chemical knowledge can produce with certainty 
a uniform grade of steel, it is reasonable to expect a certain degree 
of improvement in the parent industry whereby a grade of pig 
iron may be made to comply with the terms of a simple specifi- 
cation in this line. Admitting that it is often a difficult operation 
to produce a strictly uniform grade of pig iron, and the process 
not so easy to regulate as that of steel-making, yet it is possible 
to furnish a pig iron with a given composition. 

The blast furnace buys its ore on analysis, and not by color 
or fracture, and the time is now at hand when the American 
foundryman must buy his iron in a similar manner, to meet the 
increasing demand for castings of a specific composition, given 
strength, etc. When iron is sold on specification and the shipment 
accepted, the pig-iron man is relieved from all future annoyance, 
and cannot be blamed for poor results due to high-sulphur coke, 
poor molding, etc. 

On the other hand, iron of unknown composition, bought by 
- fracture, has to stand the brunt of all the trouble in the case of 
a poor heat or lot of bad castings; in fact, nine times out of ten 
the iron receives the blame and the agent is requested to take back 
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the iron, which he usually does, as he dislikes to lose a customer. 
Many concerns employing a chemist make it a rule, under the 
fracture method, to buy a No. 2 pig iron, experience having 
taught them that much of this No. 2 iron is high enough in 
silicon and low enough in sulphur to rank as a true No. 1 iron. 
The difference in price helps to maintain the laboratory, and the 
blast furnace is not informed as to the true grade, but in the event 
of a No. 2 iron showing on analysis a composition equivalent to 
a No. 3 or No. 4 iron, the agent seldom fails to receive a hint as 
to its inferior quality. 

The conclusions to be drawn from the above are that the 
blast furnace and the foundry should work in harmony, settle 
upon an iron graded in accordance with its composition, and 
define certain methods for sampling and testing the material. The 
blast-furnace chemist usually takes a ‘“‘shot-test”’ sample of a part 
or the entire cast for analysis, while the foundry chemist takes a 
certain number of pigs from each car for an analysis, conse- 
quently there may be a decided difference in their assays, for the 
reason that the first part of the heat in a pig bed may be higher 
or lower in silicon or sulphur than the latter end of the heat, 
accordingly as the furnace is working hot or cold, whereas a 
sample taken from a car lot might represent one end or the other 
of such a cast, therefore some provision should be made for this 
feature in sampling. In sampling from a car, I believe that not 
less than ten pigs should be taken as an average; furthermore, 
that the drillings should be from the freshly fractured face of the 
pig, and that the borings be made about midway between the 
centre and outside. 

In regard to grading pig iron by analysis, I would suggest 
that the different varieties be divided into the following classes, 
viz.: “Foundry Pig,” ‘‘Ferro-silicon,” “Manganese Pig,’’ ‘‘ Phos- 
phoric Pig,” “Charcoal,” and ‘“Malleable Bessemer.” In this 
way the class name would be a distinctive indication of the char- 
acter of the iron, and simplify the specification matter. Specifi- 
cations have become an essential feature in all commercial and 
Government transactions, and the tendency to buy by specification 
is stronger now than ever. 

Dr. Charles B. Dudley deserves the credit of being the pioneer 

15 
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specification maker, and his work in this line is one of the leading 
features of the Pennsylvania Railway System. The success of 
these specifications was an incentive to other firms, and in a short 
time it led to the universal custom of buying steel and other 
material in a similar manner. 

With the advent of Professor Howe’s “Metallurgy of Steel,” 
Thomas West’s ‘Metallurgy of Cast Iron,” and Dr. Moldenke’s 
literature on Melting Points, Foundry Manipulation, etc., there 
was created a desire to include all kinds of metal in a suitable 
form of specification. 

During this period the writer was instructed by the manage- 
ment of the J. I. Case Threshing Machine Company, the Milwau- 
kee Harvester Company and other concerns to formulate a set 
of specifications for pig iron. The undertaking was somewhat 
difficult, as it was necessary to visit a great many factories using 
different grades of iron; to study blast-furnace conditions; work 
out numerous experiments, and make a great many ana of 
various grades and brands of pig iron. 

The first set of specifications drawn up were found to be 
somewhat too rigid in regard to phosphorus and manganese, 
consequently were soon revised, and are now in general use. The 
call for a copy of this specification by foundrymen and chemists 
in this country and abroad has exhausted the second edition of 
5000 copies, this showing conclusively that there is a desire for 
a specific grade of pig iron otherwise than by fracture. 


CAST IRON FOR DYNAMO AND MOTOR FRAMES. 
iERe daly dy aD aro 


In designing a dynamo or motor, the engineer uses a large 
factor of safety in his calculations, which in some instances is 
even greater than 30 per cent. This extra allowance is necessi- 
tated partly by his limited knowledge of the exact properties of 
the materials which he puts into his machine, but mostly by the 
irregularities in their quality. These irregularities in the iron and 
steel used are sometimes of such magnitude that, notwithstanding 
the large margin allowed by the designer’s calculations, a dynamo 
of the same type as many which have previously made a splendid 
showing in the shop test will, when put on trial, fail to develop 
the required output. So besides the waste of material and other 
losses entailed in using an excessive amount of metal in the 
machine, there occasionally is the expense of dismantling the 
dynamo after it is tested, to add more turns of wire to the field 
coils. 

To get a good material of a regular quality should be the 
earnest effort of every manufacturer of electric power apparatus. 
The permeability and the hysteresis loss of iron and steel depend 
primarily on the heat treatment they have undergone, and on 
their chemical composition. In making sheet steel for armatures 
and laminated pole pieces, and steel castings where high permea- 
bility is required, it is endeavored to keep the amount of elements 
other than iron as small as possible. Sheet steel is made with 
as high as 99.7 per cent. of iron, while the regular casts of some 
steel foundries contain more than 99.6 per cent. of iron. There 
are, of course, some steel works and foundries which sell steel 
containing large amounts of the undesirable elements; but in 
general we can look for considerably over 99 per cent. of iron in 
steel to be used for electrical purposes. In these purer steels the 
magnetic qualities are dependent more on the mechanical and 
heat treatment to which the steel is subjected than on variations 
in its chemical composition. 
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But in cast iron we have a somewhat different problem. 
Here the elements present, other than iron, are a far greater 
factor in determining its physical and electric qualities, amount- 
ing, as they frequently do, to over 7 per cent. Of carbon, which 
exerts the most influence on its permeability, there is frequently 
more than 3.5 per cent. existing in the two destructive states 
graphitic and combined—while in steel for electric purposes the 
amount of carbon should always be less than o.2 per cent., all 
of which exists in the combined state. If we wish to know some- 
thing of the heat treatment a steel casting has received, we must 
have recourse to the microscope to show us the size of the crystals 
and the form in which the carbon is blended with the iron to 
form the pearlite. On the other hand, the combined carbon in 
cast iron will tell us a pretty clear story of the rate of cooling, 
and of its physical condition. Then, too, the iron casting is not 
annealed, while all steel for frames, armatures, and pole pieces 
should be annealed. 

After this rather long introduction, I would like to consider 
more specifically the requirements of cast iron for use in dynamo 
and motor frames, and the problems it presents to the designer, 
more especially as to its magnetic properties. In large frames 
the strength and rigidity of the metal is usually of primary impor- 
tance, while in medium and small-size frames the strength problem 
is almost, if not entirely, eliminated, and the permeability of the 
iron is the governing factor, especially where an effort is made 
for a neat machine which will present a pleasing appearance and 
where excessive weight is prohibitory, as in the case of ceiling 
motors and machines to be placed in tall factory buildings. For 
both of these qualities—strength and high permeability—the 
thing most essential is a low percentage of total carbon in the 
iron. 

A company which buys its castings from different foundries 
gets castings which vary widely in their magnetic properties, and 
even when a company makes its own castings, it is only with the 
greatest care in the mixing and melting of the iron that they are 
able to get a regular product. These irregularities in the iron 
make it greatly desirable for the engineer to know the permeability 
of the dynamo and motor frames. To tell this there have been 


DILLER ON DyNAMO AND Moror FRAMES. 229 


several kinds of permeameters designed, none of which, I believe, 
claim to give more than approximate results. Another way is to 
cast several bars during the heat and test them in the laboratory 
permeameter. But as these bars are usually of considerable 
lighter mass, they cool more rapidly than the cast frames, thus 
getting a higher percentage of combined carbon, and consequently 
have a lower permeability than the iron in the frames. This 
difficulty can be considerably overcome by casting a bar on each 
frame, but this necessitates considerable labor in clipping off the 
bars and turning them to the required dimensions. 

But I believe the magnetic properties of cast iron depend 
almost entirely upon its chemical composition, and think that 
with a good knowledge of iron and with a proper care as to the 
melting and mixing of the charge, a regular grade of first-class 
castings can be made, which will have practically the same per- 
meability. In a general way we may say that the less of each 
element, other than iron, in an iron casting the higher is its 
permeability. 

The amount of sulphur is kept as low as possible in all 
castings, except occasionally when high sulphur is desired to 
increase the chilling properties of the iron. This rule is a good 
one for iron to be used in making dynamo and motor frames. 
But the amount of sulphur in the ordinary cast iron is so small 
that of itself it does not noticeably affect the permeability of the 
iron. Indirectly, though, it is very detrimental, as it tends to 
increase the combined carbon and causes blow holes. However, 
its effect of combining the carbon can be neutralized by putting 
a larger amount of silicon in the iron. . 

The phosphorus in cast iron varies from about 0.15 per cent. 
to 1.4 per cent. But in ordinary machinery castings we generally 
find about 0.5 per cent. This is a considerable amount, but does 
not greatly affect the permeability of the iron. In looking over 
the curves given by different irons whose phosphorus contents 
range from o.16 per cent. to 1.2 per cent., 1 could trace very 
little effect on the permeability due to the phosphorus. 

With manganese it is quite different, for its presence in large 
amounts markedly lowers the permeability of iron. It is difficult 
to get bars which vary in manganese but still have the other 
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elements the same. After comparing a great number of curves 
and making due allowance for the variation of the other elements 
in the iron, it seemed that a variation in manganese makes almost 
as much difference in the permeability as does an equal variation 
in the amount of combined carbon. Fig. 1* shows two curves 
given by iron with the manganese—in 5A 0.59 per cent., and in 
7A 1.4 per cent. The total carbon in 7A is slightly higher than 
in 5A, and will about neutralize the effect of the higher combined 
carbon in 5A; so we can practically attribute the difference in 
permeability to the difference in manganese. At 20 ampére turns 
per centimeter length this difference amounts to about 1800 lines 
per square centimeter, and the curves then run almost parallel 
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through the higher densities. The effect of graphite seems to 
also be the same in the lower as in the higher densities, but we 
find a difference in the effect of combined carbon which is not 
nearly as strong in the higher as im the lower densities. The 
curves on Figs. 2 and 3 show good examples of this. 

The percentage of carbon existing in cast iron as graphite or 
combined carbon depends on the amount of manganese, sulphur, 
and silicon present, the size of the casting, and the rate of cooling. 
With enough silicon in the iron we can reduce the combined 
carbon to less than 0.10 per cent. The silicon of itself has very 
little detrimental effect on the permeability of the iron, and so it 
seems best to have a large percentage of silicon in the iron in 
order that we always have a dead soft casting. This will eliminate 


* Acknowledgment is made to the Iron Trade Review for the use of the cuts 
appearing in this paper. 
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one of the most serious causes of irregularity in the iron, as the 
amount of combined carbon present has a marked effect on the 
permeability. Curves on Figs. 2 and 3 are good illustrations of 
this. Curves rA and 2A are from different bars cast from the 
same ladle of iron, as are also curves 8A and 9A, the higher 
combined carbon in 1A and 9A being obtained by a faster rate 
of cooling. 
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FIG. 2. 
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FIG. 3. 


With the amount of combined carbon controlled by the silicon, 
and the percentage of manganese easily regulated in making up 
the charge for the cupola, the only considerable cause left for 
irregularity in the permeability of the iron is the amount of graphite 
present. It is difficult to regulate this, about the only way being 
the use of low-carbon pig iron or the addition of steel scrap to 
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the charge. But the fact that the iron takes up carbon from the 
coke it is melted with and that the iron melts at a lower tem- 
perature than the steel make it difficult to control with a great 
degree of accuracy the amount of carbon in the casting. On 
Fig. 4 are some curves showing the effect of graphite on the 
permeability. These curves I selected out of a great number 
because the combined carbon in all cases is so low as to be prac- 
tically negligible, the manganese too is quite regular, and the 
curves are, I believe, good representatives of each class of iron. 
There is a big difference in the amount of graphite in these irons, 
varying as it does from 1.44 per cent. to 3.51 per cent., and also 
a wide difference in the permeability. The point which seems 
most interesting is that instead of increasing in direct proportion 
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FIG. 4. 


as the graphite decreases there is a great change in the permea- 
bility when the graphite is about 2 per cent., while the effect on 
the permeability due to difference in graphite is considerably 
smaller in iron having over 2.5 per cent. or under 1.7 per cent. 
of graphite. 

Some of the foundries making rolls and special gray-iron 
castings and nearly all malleable-iron founders find it profitable 
to use the open-hearth furnace, even though it does cost a little 
more to melt their iron than it would if they used the cupola. 
Probably it will not be long until the manufacturers of electrical 
machinery will find it desirable to install open-hearth furnaces to 
do the work of the cupolas, and then the metallurgist can have 
the pleasing satisfaction of making regularly a good casting of 
high permeability. 


THE LIGHT ALUMINIUM ALLOYS.’ 
By JosrepH W. RICHARDS. 


Pure aluminium, like pure gold, silver, or copper, is a com- 
paratively soft and weak metal; it has many of the properties of 
copper, being easily cut by a knife and having a fibrous, silky 
fracture. The pure metal hardens quickly while being worked, 
faster when worked cold, and becomes harder, denser, more 
elastic, and stronger, but soon goes to pieces if worked too far. 
The hard-drawn aluminium wire or hard-rolled sheet or rod have 
strong physical resemblances to hard-drawn or hard-rolled copper. 
To produce thin sheet or fine wire it is necessary to anneal fre- 
quently, to remove the strains caused by the working. Castings 
of aluminium, unworked, are soft and weak. 

The following table gives the usual limits of physical prop- 
erties of No. 1 commercial aluminium, which averages 99 to 99.5 
per cent. pure: 


Elastic Limit. | Ultimate Tensile | Percentage 


| Strength. | Reduction of 

nie oo Rage Inch.) 7 bs per Square Inch. )| Area, 
Castings... .en | 8,500 14,000 to 18,000 | 15 
SPECS ea es | 12,500 to 25,000 | 24,000 to 40,000 | 20 to 30 
IMAI i creeds apa tect tai 16,000 to 33,000 25,000 to 55,000 | 40 to 60 
RS RS te ory Stee crac 14,000 to 23,000 28,000 to 40,000 | 30 to 4o 


For all purposes where the rolled, drawn, or worked pure 
metal is sufficiently hard and strong, it is advisable to use the 
pure metal, since it resists alteration by the atmosphere and other 
corroding agencies better than almost any of its alloys, and better 
the purer it is. For cast articles and wire, rod, or sheet which 
are not sufficiently strong or hard when made of the pure metal, 
the aluminium can be alloyed with small quantities of other 


* A considerable proportion of the data in the above paper was acquired by 
the writer in experiments made in the metallurgical laboratory of Lehigh Uni- 
versity, to which institution he wishes to express his sense of obligation. 
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metals, which improve it in various ways, without materially 
increasing its specific gravity. Pure aluminium has a density of 
2.6 to 2.7, while the light alloys of which we shall treat contain 
up to 33 per cent. of foreign metals, and range in density from 
2.4 to 3-6. The principal metals which have been proposed or 
used for these alloys are zinc, copper, nickel, magnesium, titanium, 
tungsten, chromium, manganese, and silver. 


ALLOYING THE METALS. 


The components of the alloy should be of as pure a quality 
as it is possible to get them. The aluminium used should be of 
No. 1 quality, which averages now gg.5 per cent. aluminium. 
For the very best results, the extra quality, sold as 99.75 pure, 
should be used. The commercial qualities of the other metals 
are frequently so impure that they give alloys of quite different 
properties from the pure metals. This is particularly true of zinc, 
the ordinary Western brands of which contain 1 per cent. or more 
of lead, and often considerable iron. In this case, it pays to 
purchase the redistilled zinc or the best varieties of Bertha or 
Sterling spelter- 

As a general rule, it is advisable to melt the aluminium first, 
and then to stir or dissolve the other metal into it. Most metals, 
particularly copper, unite with aluminium with considerable 
energy, and dissolve quickly in it, even though their melting-point 
may be considerably higher. To facilitate the solution of a metal 
of very high melting-point, such as nickel, it is advisable to prepare 
first an alloy of the metal with aluminium in somewhat like equal 
proportions. This alloy, cast into bars, is then added to the 
melted aluminium, and dissolves much faster and more uniformly 
than the pure metal. 

The melting can ordinarily be performed in graphite or 
plumbago crucibles in a melting-hole. The crucible should stand 
om a refractory pedestal, to keep the bottom from being chilled 
should the fuel be burnt out beneath it, and to avoid it tipping. 
It should be covered tightly, in order to avoid absorption of gases, 
or the accidental dropping in of coke. If the alloying is being 


ee ee 


is 

nf 

> 
ho 
uJ 

q 


RicHARDS ON LicHt ALUMINIUM ALLOYS. 235 


performed, the metal is best kept covered with lumps of charcoal, 
to keep air from striking the surface, but this is not needed or 
recommended if the operation is simply a melting. 

Since the fire is hotter than the crucible, and the crucible 
walls hotter than the metal inside, it is of great importance that 
the fire be not too hot and the metal not overheated. Aluminium 
alloys, like aluminium, have large specific heats, and it takes a 
large amount of heat, though not a high temperature, to melt 
them. The characteristic of the furnace operation is therefore to 
have only a moderately hot fire, and then wait with patience until 
the metal melts, which will take from 30 to 50 minutes, starting 
with a cold crucible. The disadvantages of overheating the metal 
are three, viz.: it absorbs more gases, it will probably be poured 
too hot and segregate in the mould, it will react on the crucible 
itself, reduce from it iron and silicon, and become brittle. It is 
of the greatest importance that the alloy be never over a cherry- 
red heat, and it should never adhere to or wet the crucible. The 
stirring rod may be iron, preferably a wrought-iron bar, if the 
temperature is carefully kept low. If the temperature is too high, 
the iron bar will be wetted and corroded and the alloy injured. 
Until experience has been gained, it is better to use a carbon 
rod for a stirrer, fastened into the end of an iron pipe, for a 
handle. 

When the alloying metal has been all dissolved, the whole 
is stirred vigorously, and cast at once. Letting it stand some 
time in the furnace produces a somewhat closer alloy, but the 
deterioration caused by increased gases and impurities taken up 
from the crucible usually overbalances the gain. After taking 
from the furnace, the crucible should be placed on some fire-bricks 
and stirred as it cools, and should be cast only just hot enough 
to properly fill the mould. If cast too hot, it is apt to segregate 
while cooling. 

The use of a flux in the crucible is in no case recommended, 
since it attacks the walls of the same, facilitates the reducing 
action of aluminium upon them, and injures the alloy. With 
careful regulation of temperature and use of no flux, a good crucible 
will last almost indefinitely, not being wetted or corroded. Iron 
skimmers or ladles may be coated inside with a wash composed 
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of finely ground bauxite mixed with a little lime. This is practi- 
cally unattacked by any alloy. Magnesia-lined crucibles are best 
for this work, when they can be gotten. 

With some metals there is a limit to the amount which 
aluminium can take up. Thus, it can keep in solution only 1.92 
per cent. of lead, or 3.39 per cent. of cadmium, while it will mix 
with most of the other metals in all proportions. 


MELTING-POINTS. 


Almost all the light, strong alloys melt easier than aluminium. 
The addition of a few per cent. of any metal to aluminium lowers 
the melting-point, even though the metal added has a high melting- 
point. There is a limit, however, in some cases, to the amount 
of foreign metal which can be taken up without increase of melting- 
point. Adding copper, the melting-point decreases until 33 per 
cent. of copper is present, above which it rises. Antimony is the 
most striking exception, for small quantities increase the melting- 
point very considerably; 33 per cent. of antimony makes an alloy 
melting only at 230° higher than aluminium and 250° higher than 
antimony. Of the commercial alloys, however, containing small 
percentages of zinc, copper, nickel, or magnesium, it may be said 
that they melt either as easily as, or slightly more easily than, 
aluminium itself. 


SPECIFIC GRAVITY. 


The alloys with magnesium, 2 to 12 per cent., are the only 
ones which are lighter than aluminium itself; but they are lighter 
than their composition and the specific grayity of magnesium 
(1.72) would lead us to expect. Thus, 10/per cent. of mag- 
nesium would theoretically make a physical mixture with a 
specific gravity 0.16 less than aluminium, whereas it really gives 
an alloy o.24 lighter. This points to expansion taking place 
during alloying in this case. In the case of the other metals, 
heavier than aluminium, their specific gravity is usually higher 
than would be calculated from the composition, pointing to a 
condensation or contraction taking place in alloying. In fact, 
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with small percentages of copper, iron, and nickel the contraction 
taking place in alloying is so great that the alloy occupies less 
volume than the aluminium alone entering into it. In these cases 
it appears as if the molecules of alloying metal slip in between 
the molecules of the aluminium, thus accounting for the increased 
hardness and tenacity of the alloy. The magnesium alloys range 
from, 2.4 to 2.57 in specific gravity; the heavier metal alloys from 
2.6 to 3.6. In general, the light aluminium alloys are one-fourth 
to one-half as heavy as the structural metals which they replace. 


Mo.tps. 


For general castings, a loose-texture green sand is suitable. 
Numerous air vents must be supplied, and a large casting gate and 
heavy feeders at heavy parts of the casting. In such molds the 
alloys are poured cold, and as fast as possible, to prevent chilling. 
In spite of this, the slow cooling renders the alloy ununiform by 
segregation, and therefore not so strong as chilled castings. To 
partly avoid this, the castings are shaken loose from the sand as 
soon as they are set. 

Slabs and rods for rolling and drawing are cast in chill 
molds, as are also any objects needed in large quantities. This 
makes the material soft, uniform, and stronger than if cast in 
sand, with a smoother surface. 


WoRKING AND ANNEALING. 


All these alloys are hardened and stiffened by working, and 
must be frequently annealed to avoid cracks and breaks. The 
slabs and billets are best broken down while warmed to 150° to 
250° C., under a steam hammer; afterward steel rolls with good 
surfaces are used, and about as much power is required as rolling 
hot steel of similar section. Imperfections in the casting must be 
scraped or gouged out before breaking down. Slabs are usually 
rolled two passes lengthwise, increasing the length 20 per cent., 
and are then turned go®, and rolled out farther. The rolls should 
be at 150° to 200° C., and if polished sheet is required the sheet 
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is polished before being sent through the final polishing rolls. 
Working raises the tensile strength, but decreases ductility, and 
frequent annealing is necessary. 

The annealing is done in a muffle, if possible, as it is advisable 
not to subject these alloys, especially magnalium, to the direct 
action of the flame, since absorption of gas and internal oxidation, 
or burning, takes place at redness without melting. Slabs and 
bars are heated to full dark red, so that a pine stick carbonizes 
when drawn over it. Sheet must not be heated so high; a thin 
sheet is merely warmed to about 400° C. and then cooled in water. 
Very thin sheet can be put into hot oil and this allowed to cool 
slowly. 


DIPPING AND FROSTING. 


Alloys with magnesium or zinc can be given a pure, white, 
silvery surface by putting into a ro per cent. caustic soda solution, 
containing 2 per cent. of common salt and warmed to 60° C. The 
object is kept 15 to 20 seconds in this, until a violent evolution 
of gas appears, then washed in cold water and brushed; then 
dipped 10 to 15 seconds in concentrated nitric acid, again washed 
in cold water, and then dried in fine warm sawdust. The soda 
solution is held in an iron vessel; the nitric acid in clay, porcelain, 
or slate. The dipping is particularly recommended for rolled slabs, 
after the first annealing, as any casting defects are thus shown 
up, and can be eradicated by cutting out or using emery paper. 
By repeated dipping, a fine silky matte is obtained, which is abso- 
lutely unalterable in air. For alloys containing copper or nickel, 
the soda solution is replaced by dilute hydrofluoric acid. A dull 
black finish may be obtained by using dead India-black varnish, 
and keeping one hour at 100° C.; a shining black can be obtained 
by using black stove varnish, and keeping 1 to 1} hours at 
Sout, 


ALLOYS WITH CHROMIUM. 


Chromium hardens aluminium strongly, the alloys having 
somewhat of the qualities of self-hardening steel, 7. e., retaining 
their hardness on heating or after annealing much better than 
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any other of the aluminium alloys. Two to three per cent. of 
chromium is recommended as making the metal much harder, 
but decreasing malleability considerably. Eleven per cent. makes 
the alloy brittle, crystalline, and unworkable; three and a half 
per cent. makes an alloy which can be hammered and rolled, but 
is very stiff and ‘“‘crackelly.” Its mechanical-properties are given 
by Lejeal as: 


Tensile Strength. Elongation. 
(Lbs. per Sq. In.) (Per Cent.) 
Pard=rolled tases eee le yea cicero cies 18,000 12 
AT Caled easton sets ator ened aes oe 17,500 7 


Professor Langley made 2 and 3 per cent. alloys by dissolving 
chromium oxide in a bath of melted fluorides of aluminium, 
sodium, and calcium, and then pouring in metallic aluminium in 
the required quantity. Chromium alloys are being used com- 
mercially at present, but the writer cannot say to exactly what 
extent. 


ALLOYS WITH TITANIUM. 


Alloys up to 7 per cent. of titanium have been made, but the 
best is that with 2 per cent. This has elasticity comparable to 
spring brass, and a tensile strength of 30,000 to 35,000 pounds 
when rolled hard, with 3 per cent. elongation, and 21,000 pounds 
when annealed, with 16.5 per cent. elongation. 

These alloys are difficult to make, as pure titanium is rare, 
and the only practicable method of manufacture is to dissolve 
titanic oxide in melted cryolite and add aluminium, which latter 
reduces the oxide and forms an alloy with the metal. If chromium 
oxide is added also, a triple alloy of chromium, titanium, and 
aluminium is obtained, which is very hard and rigid, and holds 
a cutting edge fairly well. 

The titanium alloys have a dull, leady color and are corroded 
more rapidly than many other of the aluminium alloys, so that 
their use has practically disappeared. 


ALLOYS WITH MANGANESE. 


A. H. Cowles patented some years ago the addition of man- 
ganese to commercial aluminium up to 5 per cent., producing 
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particularly hard and rigid alloys. They can be made either by 
making a rich alloy of manganese and aluminium in the electric 
furnace, and diluting this down with pure aluminium, or by adding 
manganese oxide to the electrolytic bath in which aluminium is 
being produced, in quantity sufficient to form the desired alloy 
with the aluminium of the alumina being decomposed. The 
addition of rich ferro-manganese to aluminium also serves to 
produce the alloys, but has the disadvantage of introducing some 
iron and carbon into the alloy at the same time. 

Susini makes a series of alloys of aluminium with 3, 5, 8, 
or ro per cent. of alloying metals, the latter being zinc, copper, 
and manganese. He makes the alloy of the three latter in a 
graphite crucible, melts the required quantity of aluminium at 
a red heat, and then pours the liquid alloy into it. The three 
alloys he recommends most contain, in percentages: 


Manganese. Copper. Zine. 
I to 3 2ok °.5 
ito 5 255 1.0 
2 to § 4.5 ; I-5 


Used with copper and nickel, manganese makes the hardest 
light alloy of aluminium yet produced. 


ALLoys wWitH TIN. 


The alloy of aluminium with 1o per cent. of tin was strongly P 
recommended by Mr. Bourbouze. It is whiter than aluminium, 
its density is 2.85, its coefficient of expansion by heat is less than | 
that of aluminium, and it can be more easily soldered than pure 
aluminium. The tensile strength of a casting of this alloy showed 
only 14,000 pounds per square inch, with 4 per cent. elongation, 
so that it is no stronger than pure aluminium, and not as ductile. 
The alloy is said to be improved by the addition of 3 per cent. 
of nickel. As far as the writer is informed the use of this alloy 
has disappeared. 

Tin is still used in some of the other light aluminium alloys, 
in small quantities of not over 2 per cent., to contribute to the 
easy fusibility of the alloy and to decrease the shrinkage. If 
phosphorus is simultaneously desired in the alloy the commercial 
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phosphor-tin is employed. The best material for soldering alu- 
minium is an alloy of 29 parts tin, 11 parts zinc, 1 part aluminium, 
and 1 part of ro per cent. phosphor-tin, patented by the writer’s 
father. This alloy, however, is only 2.4 per cent. aluminium, and 
belongs to the heavy alloys. 


ALLOYS WITH SILVER. 


Aluminium will absorb up to 5 per cent. of silver without 
increasing in volume; the alloys thus made are whiter, harder, 
denser, and stronger than pure aluminium, and take a high polish, 
which they retain better than almost any other alloy of aluminium 
when exposed to corrosion. For the latter reason, particularly, 
they have been used since the early days of the aluminium industry, 
particularly when aluminium itself was almost as high-priced as 
silver, for opera-glasses, telescopes, statuettes, fine light weights, 
the beams and hangers of fine balances, fine instruments, and 
electric apparatus. Alloys up to ro per cent. of silver can be 
worked, and 1 to 2 per cent. of copper is simultaneously used, 
to reduce the cost of the silver by partly replacing it. Alloys with 
3 per cent. silver have been used for statuettes, with 5 per cent. 
for dessertspoons, fruit knives, and watch-springs, with 3 per 
cent. silver and 2 per cent. copper for balance beams, with 5 to 
g per cent. silver and 1 per cent. copper for cast dental plates. 

Where cost is a secondary consideration, and fine grain, fine 
color, and inalterability are of first concern, the silver alloys are 
evidently still of some economic importance. The atomic weight 
of silver (108) is exactly four times that of aluminium (27), and 
their specific gravities are in the same ratio, and it is probable 
that this has some connection with the characteristic improvement 
in color, grain, and resistance to corrosion which these alloys show. 


ALLOYS witH NICKEL. 


As far as the writer can find out, alloys of aluminium with 
nickel alone have not been found advantageous. Lejeal prepared 
an alloy with 4.5 per cent. nickel, which had a coarsely crystal- 
line fracture, rolled and worked well, but had poor mechanical 
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properties. The commercial alloys which go under the name 
of “Nickel-aluminium Alloy” are in reality ternary alloys of 
aluminium with nickel and copper. The alloys made for rolling 
contain 2 to 5 per cent. of nickel and copper together, the larger 
part being usually copper. The plates of the yacht “ Defender” 
were made of this alloy. They were very satisfactory mechani- 
cally, showing an average elastic limit of 30,000 pounds per square 


inch, ultimate strength 40,000 pounds, with 1o per cent. elongation - 


in 2 inches and 15 per cent. reduction of area. Its specific gravity 
was 2.75. The plates were unfortunately fastened in place by 
steel rivets and were not insulated from the Tobin bronze sheath- 
ing below the water line, with the canReCNence that the aluminium 
plates were badly corroded in two years’ time. 

What are called “Nickel-aluminium Casting Alloys” contain 
7 to to per cent. of nickel and copper together, have a specific 
gravity of 2.80 to 2.85, contract 3-16 inch in setting, and have, in 


casting, an elastic limit of 8,500 to 12,000 pounds, ultimate ~ 


strength 15,000 to 20,000 pounds, with reduction of area 6 to 8 
per cent. A sample of this alloy tested by the Bethlehem Steel 
Company contained 34 per cent. of copper, mo nickel, and- had 
a tensile strength in casting of 15,000 pounds, with 1 per cent. 
extension. This test shows that buyers of commercial alloys should 
require a guarantee as to composition as well as mechanical 
properties. 

The alloying of pure nickel with aluminium is not an easy 
matter, and is best accomplished by adding nickel oxide to the 
bath in which aluminium is being manufactured, or by reducing 
nickel oxide by an excess of aluminium itself, and thus obtaining 
a rich alloy of the two metals, from which the alloys with lower 
proportions of nickel can be manufactured. 


ALLoys wits TUNGSTEN. 


The precise effects of tungsten alone have not been very 
satisfactorily determined, since it is used in small amounts in 
conjunction with other hardeners of aluminium, such as with 
copper and iron, or copper and manganese, etc. 


j 
a 
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Le Verrier gives the properties of the alloy with 7.5 per cent. 


of tungsten as being: 
Tensile Strength. Elongation. 


(Lbs. per Sq. Inch.) (Per Cent.) 
CASES cL) Ok eee heen. ree nt pla aee seo ap 22,000 Te 
Hard=toledea ceptor se ect See casi ae 35,000 4-0 
ASTANA G Oleg ets oe tren en eRe 25,Q00 10.0 


Such an alloy would be difficult to make, expensive, and not 
worth, mechanically, its increased cost. 

Mannesmann, in making aluminium tubes, found that a frac- 
tion of 1 per cent. of tungsten made the metal stronger and 
increased its resistance to corrosion. Under the trade name of 
“Wolfram Aluminium,” aluminium alloy with a small amount of 
tungsten has been used extensively for military equipments, the 
metal rolling, drawing, and spinning well without tearing or 
smearing the tools. 

These alloys were made by adding tungstate of soda or 
tungstic oxide to the reducing bath in the manufacture of alu- 
minium. At present, metallic tungsten in powder, made by the 
Goldschmidt process, is available for alloying, and the alloys can 
be made directly. In this way, several special alloys have been 
manufactured and have attained to somewhat extensive use in 
Europe. 

Woljramium contains, according to an analysis by Minet, 
98.04 per cent. aluminium, 0.375 copper, 0.105 tin, 1.442 antimony, 
and only 0.038 tungsten. It is therefore principally an antimony 
alloy, the antimony giving it good casting qualities, while the 
copper gives strength and the tin fusibility. It is difficult to see 
that any of its qualities could be influenced by so small a content 
of tungsten. The inventors (Reinhard and Roman) state in a 
very general way that manganese or nickel may replace more or 
less of the copper, tin, or antimony. Its color is like silver, it 
polishes finely, its resistance to corrosion is said to equal that of 
pure aluminium, it casts well in sand or chills, and rolls, draws, 
and works well generally. Its mechanical properties are stated 
to be: 


Tensile Strength. Elongation. 
(Lbs. per Sq. Inch.) (Per Cent.) 
lardoroled er aw esc sis «eles Seis wcicinem elem 52,000 2.14 


Asitienledon cise stew ive nixcld bia Tae oe oi ieee 38,000 15.24 
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As this is a patented alloy, the above claims of the inventors 
may be taken cum grano salis. 

Partinium, the invention of G. H. Partin, of Paris, contains 
96 per cent. aluminium, 2.4 antimony, o.8 tungsten, 0.64 copper, 
0.16 tin. It is therefore much more of a tungsten alloy than the 
so-called ‘‘Wolframium.”’ The inventor states, however, that the 
tungsten and antimony may be replaced in the alloy by magnesium, 
which would be an entire transposition of the composition of the 
alloy. Quite an extensive and noteworthy display of this alloy 
was made at the Paris Exposition of 1900, and it is quite possible 
that it is still in extensive use in France, particularly in the manu- 
facture of automobile equipment. 


ALLOYS WITH COPPER. 


Copper is one of the most frequently used hardening agents 
for aluminium, being often used alone and often associated with 
zinc, nickel, and other metals. 

Captain Julien, making experiments for materials suitable 
for airships, at the Park of Meudon, near Paris, obtained the 
following tests on sheet one millimetre thick, hard rolled: 


Tensile Strength. 


Per Cent. of Copper. Specific Gravity. (I,bs. per Sq. Inch.) 
o 2.67 26,500 
2 2.71 43,500 
4 27 44,000 
6 2.82 55,000 
8 2.84 56,000 


In castings, these copper alloys are only slightly stronger than 
pure aluminium, because of the segregation of the alloy which 
takes place during slow cooling. It is only in chill-castings that 
satisfactory results can be obtained. Slabs and bars for rolling 
or drawing should be cast in chill-moulds. 

German silver contains approximately 1 part zinc, 1 part 
nickel, and 3 parts of copper. Two to three per cent. of German 
silver alloyed with aluminium gives an alloy of approximately 
$ per cent. each of nickel and zinc, and 1 to 2 per cent. copper. 
Such an alloy gives a tensile strength in castings of 22,000 pounds, 
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and in hard-rolled sheet over 40,000 pounds, with 3 to 5 per cent. 
elongation. This alloy, first described by the writer, is very elastic 
and of a fine white color, and is easily made by using commercial 
German silver, which contains the copper, zinc, and nickel already 
perfectly alloyed with each other. 


ALLOYS WITH MAGNESIUM. 


The following tests are furnished by the Magnalium Gesell- 
schajt, of Berlin, as representing the properties of these alloys: 


Per Cent. Magnesium Tensile Strength. Elongation. 

in Alloy. (Lbs. per Sq. Inch.) (Per Cent.) 
2 AGASE MSA Cs she taretacle sis) stare tra atevare vietoe 17,900 3-0 
Castiintchills ee css c cso soeee felon 28,600 2.0 
Castings; water chilledy= soy s...c25.ce=e 40,000 I.0 
Anhealedusheets cb sti= hase tatenes < 25,000 18.0 
Hard sheeten encarta ee ee onc 41,300 228 
4-—Cast in Chulsy cae \eysin <eralajeese neva 28,600 2.0 
Annealedisheet sc cstcscies seer sees 28,700 8.0 
Hard sheets eace ee cts) teen eee 44,900 2.1 
6—Castings, water chilled’. .........-.-:- 57,600 I.0 
Annealed Sheet taceieteay temetacteseerae 28,100 17.0 
Hard'sheet ete matte ee ae aie tie crotas 44,100 I.0 
8—Castings; water chilled’ "22-23. 2..-Js~- 54,900 1.6 
TO0--Castiin'sand asa ace ene ack 21,400 2.4 
Castanichills en eri terete stare lea 33,600 3-4 
Castings, water chilled ......... Seen 61,100 4-2 


These alloys have been patented by L. Mach. They cost 
considerably more than pure aluminium, because of the market 
price of magnesium being, in Germany, $1.00 per pound. The 
use of these alloys in Europe is reported to be already considerable 
and to be increasing. No data regarding their durability is yet 
at hand. 


ALLOYS WITH ZINC. 


Zinc is the cheapest and at the same time one of the most 
efficient of the metals which improves the mechanical properties 
of aluminium. Proportions up to 33 per cent. are used; the alloys 
are malleable up to 15 per cent., and above that are still useful 
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for making castings. Only the purest zinc and the purest alu- 
minium should be used, to get the best alloys. Casting in chills 
gives much better results than casting in sand; in the latter case 
the slow cooling seems to cause a separation. 

The alloys are made by melting first all the aluminium to 
be used, in a clean graphite crucible, bring it a little above the 
melting-point so that as the zinc is added, in small pieces, it does 
not chill the aluminium, but is all absorbed directly as it is added. 
The melting-point decreases as zinc is added, so that if the zinc 
is added slowly the alloy remains always melted. A wrought-iron 
rod can be used as a stirrer, if the heat does not at any time go 
above low redness. The metal should be poured as cold as is 
practicable; when much hotter than its melting-point it is not so 
thinly fluid as when somewhat cooler. The crucible should be 
kept covered while melting the aluminium, and no charcoal or 
flux put into the crucible, except, possibly, a little salt. 

The alloy with 15 per cent. zinc can be rolled and drawn. In 
chill castings it has an elastic limit of 16,000 pounds per square 
inch, tensile strength 22,330 pounds, elongation 6 per cent. in two 
inches, and reduction of area 10} per cent. 

The alloy with 25 per cent. zinc has a tensile strength of 
22,000 pounds, extension 1 per cent., and reduction of area 3 per 
cent., when cast in sand. When cast in chill-molds its tensile 
strength is 35,000 to 45,000 pounds, extension 1 per cent., with 
a Close fracture like high-carbon steel. Its specific gravity is 3.4, 
which shows a contraction of 14 per cent. in the bulk of the 
constituents while alloying, and since 1 part of zinc has only 
one-eighth the volume of three parts of aluminium, the remark- 
able conclusion follows that the aluminium takes up one-third of 
its weight of zinc and actually decreases in volume some 2 per 
cent. in doing it. This probably accounts for the close grain and 
good working qualities of this alloy. It is non-magnetic, has a 
fine color, takes a high polish, and bids fair to be the most gener- 
ally useful of all the light aluminium alloys. 

The alloy with 33 per cent. of zinc, sometimes called the 
Sibley Casting Alloy,” because first made in the Sibley Labora- 
tory at Cornell University, is extremely rigid, very slightly elastic, 
and breaks short like cast iron, with a fine-grained fracture. It 
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is not so resistant to shock as the alloys containing less zinc. 
Its specific gravity is only 3.8, and its volume is only 1.5 per cent. 
greater than the aluminium from which it is made. Its tensile 
strength is 24,000 pounds in sand castings and up to 40,000 pounds 
in chill castings, with no perceptible elongation or contraction of 
area. It works well, without requiring lubrication of the cutting 
tools. The large proportion of zinc in it makes it the cheapest 
of all the light aluminium alloys. 

Besides these alloys with zinc alone, several casting alloys 
have been made containing both zinc and copper. Considerable 
amounts of alloys with 5 per cent. copper and 15 per cent. zinc, 
and as high as 27 per cent. zinc and 3 per cent. copper, have 
been made and used commercially. When cast under pressure 
they are stronger. 

A commercial casting alloy being sold at present contains 
15 per cent. of zinc and 5 per cent. of other hardeners, viz.: 2 
per cent. tin, 2 per cent. copper, and one-half of 1 per cent. each 
of iron and manganese. It is recommended as making sharp, 
hard, strong castings. 


RESUME. 


According to the claims made, the magnesium alloys are the 
best all around of the light aluminium alloys, but they are expen- 
sive; the zinc alloys are the cheapest to make, and are equal in 
mechanical properties to very nearly the best alloys made with 
more expensive metals, and therefore promise to have, of all the 
light aluminium alloys, the largest sphere of usefulness. 


TESTING OF BEARING METALS, 
By G. H, Cramer. 
To the operating department of railroads, to the constructors 


and operators of all manner of machinery with revolving parts, _ 


the question of bearings is of the highest importance. There is 
no other material of construction about which so much uncer. 
tainty exists, and no other material so worthy of consideration. 

Tn the first place, it is generally conceded, and no doubt true, 
that the composition and structure of a bearing has much to do 
with causing or preventing so-called “hot boxes.” I say “causing,” 
because segregations, hard spots, or whatever one may choose to 
call them, frequently are the source of imitation of the journal 
and its Sonsequent results, I say “preventing,” because a com- 
position which is so constituted as to be of a yielding or plastic 
nature will often prevent the abrasion of the journal by conforming 
to its Irregularities, ete. 

Furthermore, the item of wear is a very material considera- 
tion in the operation of rolling stock and general machinery equip- 
ment, and a thorough stady of the wearing properties of the 
various combinations of metals cannot fail to lead to a wonderful 
saving in bearing metal consumption. 

* The chief points to be considered in the study of such alloys 
are as follows: 
t. Wear of bearing. 
2, Wear of journal, 
3 Friction, 
4 Temperature of running. 
3. Compressive strength, 
6. Structure, 

The first four of these tests can be made on a testing machine 
which is designed for the purpose. A great many machines have 
been designed, but most of them have been very unsatisfactory. 
The results obtained in this way are merely comparative, how- 
ever, and cannot be compared to the actual service test, which 
is made under actual conditions, The best which the testing 


oe 


4 
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machine can do is to give us a general knowledge of the qualifi- 
cations of the alloy. 

The wear tests are particularly important, and by comparison 
with a certain standard give the ratio of resistance to abrasion. 

Time will not permit me to go into the details of the con- 
struction of machines, nor the method which I have adopted for 
carrying on tests of this kind, and I can only give some of the 
general conclusions arrived at in connection with the alloys which 
we have thus far examined. 

Wear.—(x) Decreases with the decrease of tin in copper-tin 
alloy; (2) wear decreases with decrease of tin in copper-tin-lead 
alloy; (3) wear decreases with increase of lead in copper-lead alloy 
or copper-tin-lead alloy; (4) wear increases with increase of zinc 
in copper-tin-lead-zinc alloy; (5) wear increases with increase of 
antimony in lead-antimony alloy. 

Wear on Journal.—In general, increases with decreased com- 
pressive strength, or, in other words, the hard metals, when running 
under normal conditions, cause less abrasion of the journal than 
soft metals. This, of course, does not refer to abnormal wear 
caused by actual gripment of the bearing surface. 

Friction.—-Theoretically, the friction is a feature depending 
on the kind of lubricant, and entirely independent of the kind of 
metal composing the bearing or the journal. Were it possible to 
have theoretically perfect surfaces, perfectly adjusted, the friction 
would be entirely fluid friction, or friction of fluid against solid. 
Actually, however, the bearing surfaces are of considerable con- 
sequence, even when running under normal conditions, and in 
general it may be noted that the softer the metals in contact the 
higher the coefficient of friction, and vice versa; but when the 
quality of the bearing is called into service to overcome aggravated 
conditions, for instance, when lubrication is interfered with, or 
foreign matter becomes interposed between the bearing surfaces, 
causing abnormal pressure, under such conditions it is necessary 
that the alloy have a certain yielding nature, in order to re-establish 
a large area for the distribution of pressure. It is for this reason 
that the softer metals will always give less trouble than harder 
metals, although the friction under normal conditions is higher 
with softer compositions. 
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Compressive Strength.—A test of the compressive strength 
gives a general knowledge of the pressure under which the metal 
will operate successfully: whether the alloy is brittle, and if it is 
sufficiently plastic to withstand a reasonable amount of ill use 
without becoming heated. 

Structure.—An examination of the general structure of the 
alloy is quite important, as it shows defects, such as segregations, 
etc., which could reasonably be supposed to cause friction. It 
is with this in view that the specifications of the large railroad 
companies call for an examination of the fracture of at least one 
brass in each hundred. 

Microscopically it has been shown by Charpy that a successful 
bearing alloy should consist of at least two structural constituents, | 
one hard constituent to support the load, and one soft constituent 
to give it the plastic support. An investigation of this kind, there- 
fore, tells us if the alloy possesses such an arrangement of its 
particles. 

The importance attached to a careful study of bearing alloys 
will be apparent from the following figures: 

There is in the service of railroads in the United States on 
1,600,000 cars approximately 160,000,000 pounds and on 39,900 
locomotives approximately 5,000,000 pounds, which at an aver- 
age value of 13 cents per pound represent a money value of 
$21,450,000, and I should judge that the amount in service other 
than for rolling stock, for instance, on stationary engines, rolling 
mills, and machinery equipment of all kinds, would easily double 
this amount. It will be seen that a large part of the copper, tin, 
lead, antimony, and zinc consumption is for the manufacture of 
bearings. 

An examination of the bearing metal specifications of the 
various large railroad systems will show a wide difference of 
opinion on the subject, and in view of the uncertainty existing, 
the large consumption, and the importance attached to the ques- 
tion, I recommend this as a suitable subject to be considered by 
this Society. 


DISCUSSION.* 


THE PRESIDENT.—Mr. Clamer is hardly just to himself, due The President. 
to modesty. The use of lead in bearing metals, so far as our 
knowledge goes, was first made prominent by Mr. Dick, of London, 
the patentee of the so-called “S Bearing Metal,’’ of the Phosphor- 
bronze Smelting Company. Standard phosphor-bronze contains 
about to per cent. of lead. Mr. Dick’s patent stated that he had 
discovered that the addition of lead to a copper-tin alloy diminished 
the rate of wear of the bearing metal. Following this we made 
a large number of experiments at Altoona, trying to increase the 
amount of lead and to diminish the tin. We stopped at 15 per 
cent. of lead and 8 per cent. of tin. Mr. Clamer then took hold 
of the matter, and has actually succeeded in making a successful 
bearing metal with 30 per cent. of lead and only 5 per cent. of 
tin. A very ingenious feature of this metal is the means made 
use of to prevent the separation of the lead during cooling, namely, 
the addition of a small amount of nickel apparently raises the 
melting-point of the copper-tin alloy, so that it solidifies before 
the lead has had a chance to separate. I may add that the wear 
of bearing metals and car journals is no small item. Axles are 
usually removed from service, accidents aside, because the journals 
are worn too small to make it safe to run longer. We have no 
positive figures, but in general each journal of a car axle will wear 
off a pound of metal for about 75,000 miles. Bearing metals vary 
very greatly and no positive figures can be given, but each bearing 
usually loses not less than a pound of metal for 25,000 miles. As 
this metal costs from 14 to 16 cents per pound, and as there are 
eight bearings on a car, it is obvious that the rate of wear is a 
matter of no small import. 

G. H. Cramer.—I should like to ask Professor Richards if Mr. Clamer. 
magnalium is being reduced directly from the oxides? 


* Joint discussion of the two preceding papers, viz.: ‘‘ The Light Aluminium 
Alloys,” by J. W. Richards, and ‘“‘The Testing of Bearing Metals,’ by G. W 
Clamer. 


Mr. Richards. 


Mr. Wickhorst. 
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J. W. Ricuarps.—I think that the alloy with the zinc is 
possibly a good bearing metal. It seems to have the anti-friction 
qualities and the structure necessary for that. I know it has been 
used on spur wheels which have worn very well. Spur wheels 
made of this alloy working on steel wheels work almost noiselessly 
and it has been used for noiseless gearing with very good results. 
In a letter from Mr. MacAdam, of Brooklyn, who makes an 
aluminium alloy called Macadamite, he refused to tell me its 
composition, but added as a postscript that they had been using 
that alloy for machinery bearings, with very good results, so that 
I think there is a field for some of these light aluminium alloys as 
bearing metals. 

M. H. WickHorst.—I want to call attention to certain features - 
of ordinary phosphor-bronze for bearings, particularly in its relation 
to hot boxes. Most phosphor-bronze is made by melting the 
various metals and later introducing some phosphorus. The usual 
practice of manufacturers seems to be to wrap the phosphorus 
in wet paper, put it in a retort, as it is called—an inverted cup- 
shaped affair—and insert this into the metal, so that the phosphorus 
is melted and volatilized and, as it goes through the metal, is 
absorbed. There is one little subtle thing, however, that occurs 
here that has caused a whole lot of trouble on railroads and 
is not evident until it is worked out in some detail. When 
the phosphorus is thus volatilized and goes through the metal 
the moisture is at the same time volatilized. The oxygen of the 
moisture combines with the phosphorus, and goes off as white 
smoke, while the hydrogen remains dissolved in the molten metal. 
This hydrogen, if it is small in amount, does not do any particular 
harm; but when phosphor-bronze is manufactured in that way it 
is generally large enough in amount to afterward do considerable 
mischief. That is, the hydrogen acts a good deal as does air when 
dissolved in water; when water containing dissolved air is frozen, 
the air continues to go to the portion which is still liquid; finally 
it gets toward the centre, and when the water is finally all frozen 
the air is liberated as a gas, thus making the ice cakes porous. 
About the same thing occurs when bronze or metal is cast ‘and 
solidifies in the mold in the regular process of casting, that is, the 
hydrogen remains in the metal when it is poured, and when the 
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bronze begins to solidify there is a coating around the outside of 
the mold, but afterward when the interior solidifies, then the gas 
goes off and generally rises toward the top of the casting, but its 
presence does not show on the outside. It is not seen until the 
casting is machined off, and then the effect is evident. A very 
interesting thing occurs during the process of casting: at first the 
metal pours very nicely; the gate begins to shrink down in a normal 
manner, but after two or three minutes, on looking at the gate, you 
will notice some lead-like beads starting to ooze out. The explana- 
tion is evidently that this bead-like material rises through the gate 
when the gas tries to liberate itself. I have analyzed these beads 
and found them to be largely a composition consisting of perhaps 
20 per cent. tin, with copper and a little lead and phosphorus. 
The point is that these beads, while they look like lead in a molten 
condition, are as hard as bell-metal, and this segregation of hard 
spots undoubtedly goes on in the casting itself. 

We have found by experience that such metal, when used in 
engine bearings, gives a great deal of trouble from heating. I first 
investigated this matter in connection with hot boxes, and I after- 
ward worked out this explanation. In making our phosphor- 
bronze on the C. B. & Q. Railroad, instead of wrapping it in 
wet paper, we put it in a solution of blue vitriol, which coats the 
phosphorus with copper, so that it can be dried without danger 
of igniting. The cans of phosphorus are opened, the phosphorus is 
put into blue vitriol, and after standing a while it is put on blotting 
paper on netting, with a pan of water underneath. In that way 
phosphorus is introduced into the metal without at the same time 
introducing any dissolved hydrogen. 

W. C. Du Comps, Jr.—I should like to add to the President’s 
remarks as to the use of lead as a bearing metal. I recently tested 
several bearing metals for friction under a load of 750 pounds 
per square inch, the oil being supplied by cotton waste; and also 
with a load of 250 pounds per square inch without oil. One of 
the specimens was claimed to be commercially pure lead, hardened 
by a process known only to the makers. The friction was extremely 
low, as might be expected, and although no compression tests 
were made, I understand from one who tested this metal in com- 
pression that, compared with ordinary lead, the compressive 
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strength was high. In pouring this metal it is necessary to use 
a clean ladle, and leave the bearing to harden for about two 
days. 

This metal has been placed on the market and I thought it 
might be interesting to mention it, considering the fact that it is 
claimed to be a commercially pure lead bearing. 

Mr. Ricwarps.—If I may speak another word about this 
25 per cent. zinc alloy, I would say that Mr. Troemner, of Phila- 
delphia, has used it for making his balance beams for several years, 
and his statement is that this alloy, cast from the same pattern as 
bronze, is actually more rigid and stable than the bronze which 
it replaces. He was making a large five-foot beam once, and 
testing it; he was quite enthusiastic over the way it acted. When 
T asked,“ Well, when you put the load on, what was the deflection ?” 
He replied: “‘No deflection at all—if anything, it bent the other 
way.” 

G. H. CLAMER (by letter).—In further explanation of the 
30 per cent. lead and 5 per cent. tin alloy, so kindly referred to 
by Dr. Dudley, I desire to add the following statements: 

Some fifteen or twenty years ago our President conducted an 
elaborate series of tests for the Pennsylvania Railroad on the 
various copper, tin, and lead alloys then on the market. Copper 
and tin had been the standard-bearing metal heretofore, and, as 
pointed out by Dr. Dudley, the use of lead in bearing metals was 
first made prominent by Mr. Dick, of London, the patentee of 
the so-called “‘S. Bearing Metal.” This metal seemed to be 
a decided advance over the copper and tin alloy heretofore used, 
but it was left to Dr. Dudley to actually demonstrate the value of 
lead in the copper and tin alloy, also to establish the relationship 
existing between the proportions of copper, tin, and lead contained 
in the same. A series of actual service tests were conducted by 
him, comparing the copper-tin and copper-tin-lead alloys in 
various proportions of the contained metals. The final conclusions 
drawn from these tests were as follows: 

1. The alloys containing lead showed a decidedly less tend- 
ency to become heated. 

2. The higher the proportion of lead and the lower the pro- 
portion of tin the less was the liability to become heated. 


_— 
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3. The rate of wear diminished with the diminution of tin. 

4. The rate of wear diminished with the increase of lead. 

Furthermore, it was found that satisfactory alloys could not 
be made with under 8 per cent. tin or over 15 per cent. lead. 

It was the valuable knowledge which these tests imparted 
which led us to experiment, in the endeavor to produce an alloy 
with higher lead and lower tin content, believing the above estab- 
lished facts would hold good with a further diminution of tin 
and increase of lead. Our efforts were rewarded, and, curiously 
enough, it was found that by decreasing the tin, larger amounts 
of lead could be withheld within the alloy, so that when the tin 
was diminished to 5 or 6 per cent., satisfactory castings could 
readily be made containing as high as 30 per cent. of lead. 
This is explained by reason of the fact that with low tin content 
the alloy contains but little or none of the copper-tin eutectic. 
The copper-tin eutectic, as perhaps all know, has a low melting- 
point in comparison with the balance of the alloy, and if this 
exists in other than small proportions, the greater part of the 
alloy must cool to about 930° before solidifying. This consumes 
considerable time, during which the still molten lead has abun- 
dant opportunity to segregate. 

In the alloy as above specified containing copper 65 per cent., 
tin 5 per cent., lead 30 per cent., practically the entire bulk of the 
copper-tin constituent solidifying at an elevated temperature, 
mechanically envelops the lead and produces a homogeneous 
alloy. The content of nickel, as spoken of by Dr. Dudley, although 
benefiting to some extent the homogeneity of the alloy, is not an 
essential constituent, the object of the nickel being to enter into 
what eutectic there may be present, thus elevating its melting- 
point and causing quicker solidification of the alloy. This metal 
is being marketed under the name of “Plastic Bronze,” and is 
manufactured by the Ajax Metal Company, Philadelphia. It 
has been on the market only a little over three years, but has come 
into very extended use for car, locomotive, and miscellaneous 
machinery bearings. This metal shows a rate of wear consider- 
ably lower than any other bronze on the market, and, at the same 
time, possesses exceptional anti-frictional qualities. 


Mr. Clamer. 


THE MASTER CAR BUILDERS’ DROP-TESTING MACHINE 
AS INSTALLED AT PURDUE UNIVERSITY. 


By Wiiiram F. M. Goss. 


Historical.—At its annual meeting in 1898, the Master Car 
Builders’ Association appointed a committee to define fully the 
contour lines of M. C. B. couplers, and to propose specifications 
which might guide railroad companies in the purchase of new 
couplers. This committee consisted of Messrs. W. W. Atterbury, 
W. P. Appleyard, and W. S. Morris. The report which it pre- 
sented at the next annual meeting dealt with the coupler question 
in a very comprehensive manner, recommending among other 
things that couplers offered to railways be subjected to a series 
of tests under a drop-testing machine. The committee not only 
defined the nature of these tests, but presented a design for a 
machine to be employed in carrying them out, and gave results 
of tests which had been secured by aid of an improvised machine 
to demonstrate the reasonableness of the specifications they 
proposed.* It was in the work of Mr. Atterbury’s committee 
that the present M. C. B. drop-testing machine had its origin, 
and it is a high tribute to this body, that though the question 
of drop testing has been extensively studied since the date of 
its first report, the conceptions underlying the design of the 
machine which was then defined have not since been changed, 
As time went on, the original drop-testing machine, which had 
been located at Altoona, was improved in matters of detail, and 
it proved useful not only in tests of couplers, but in tests of draft- 
gears as well. Meantime, the chairmanship of the coupler com- 
mittee had been transferred to Mr. R. N. Durborow, who in 
this manner became responsible for the later development of the 
machine. 

The value of a drop-testing machine having become apparent, 
it was determined that the Association should provide itself 
with a perfected machine, and that said machine should not 


* Master Car Builders’ Association Proceedings, 1899, pp. 165 to 222. 
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be in the keeping of a railroad company, but should be 
established upon neutral ground. Since the air-brake testing 
rack and the brake-shoe testing machine of the Association had 
already been installed in the laboratories of Purdue University, 
the location for the proposed machine was easily chosen. All 
this was settled upon at the annual meeting- of the Association 
in 1902, at which time the standing Committee on Tests of 
M. C. B. Couplers was authorized to carry out its recommenda- 
tions as to certain modifications in the design of its testing machine, 
in order that it might be available for tests of draft-gears, axles, 
etc., and was authorized to accept the offer of the authorities 
of Purdue University to receive, install and maintain the machine. 
In accord with this action, the machine is now in the process of 
being erected at the University. 

A Description of the Machine.—General elevations, sections 
and a plan are given on Plate VIII., Fig. 1. By these drawings it 
will be seen that the machine rests upon a foundation of concrete, 
above which it rises to a height of more than fifty-four feet. The 
anvil (A) is in the form of a rectangular casting weighing 17,000 
pounds. For convenience in holding a coupler, as will hereafter be 
explained, it has in the middle an annealed steel insert (B). The 
anvil is carried by nests of coiled springs, which in turn bear 
upon a suitable foundation plate. The spring support of the 
anvil is intended to make the machine easily reproducible. It 
is assumed that the resisting qualities of an anvil thus supported 
will be the same whether the machine itself rests upon a rock 
foundation or upon soft soil. 

The drop of the present machine, weighing 1640 pounds, is 
of forged steel and is shown in detail by Fig. 2. This weight meets 
the requirements of the M. C. B. specifications for coupler testing 
as well as those of the International Association for Testing 
Materials, with reference to axle testing, and is made to meet 
the requirements of the specifications of the last-named Associa- 
tion for rail testing by fitting disks to the cylindrical opening in 
such a manner as to increase its weight to 2000 pounds. The drop 
is handled by a wire cable served by a small reversible hoisting 
engine (not shown in the drawings). The traveller above the 
drop carries a tripping mechanism so arranged that when a stop 
is set the drop is released from any predetermined height. 
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The vertical guides are shown in enlarged section by Fig. 3. 
Each guide is made up of three rolled shapes, namely, a rail 
section, a channel, and an eye-beam, to which at intervals is 
added a curved brace to serve as a ladder. The height of the 
guides makes it necessary to have them guyed from the top as 
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shown by Fig. 1. Their lower portions are reinforced by cast- 
steel housings, which are somewhat imperfectly shown by Fig. 1. 

An air-hoist (D, Fig. 1) serves in handling accessory equip- 
ment and the materials to be tested. The hoist is carried by 
a double-hinged crane in such a manner that it may be swung 
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around to the center line of the machine from either side. This 
is best shown in the plan, Fig. 1. 

Testing under the Drop.—To test either the guard-arm or 
the knuckle of a M. C. B. coupler under buffing strains, the 
shank of the coupler is dropped into the steel-lined pocket (B) 
of the anvil, and the body of the coupler is wedged into position 
under the drop by means of steel liners supplied for that purpose. 
Thus prepared, the M. C. B. specifications require that the 
couplers shall withstand three blows from a height of five feet 
and three blows from a height of ten feet, delivered either upon 
the closed knuckle or upon the guard-arm, without producing 
distortion beyond stated limits. 


LADDER y 


A tension (“jerk”) test of couplers involves additional 
equipment, as shown upon a large scale by Fig. 4. In this case 
the coupler is fitted to a suitable yoke (F) which in turn is carried 
by springs performing the same function on the machine that 
is performed by the draft rigging on a car, the whole being 
suspended from a cross-girder surmounting two cast-steel columns. 
In the original machine two couplers were employed in this test, 
a suitably formed equalizer (E) extending between the couplers 
and receiving the blow from the drop. The left-hand elevation 
(Fig. 1) shows the columns on either side of the machine necessary to 
carry the twocouplers referred to. In the present machine, however, 
the necessity for using two couplers has been avoided by having 
one end of the equalizer carried by a support (Fig. 4), beneath 
which are springs of the same character with those which carry 
the yoke on the other side. It is believed that in this manner 
.the jerk test of couplers has been simplified and that for compara- 
tive purposes its value has not been diminished. The yoke F 
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is designed to receive coupler shanks of different dimensions by 
an opening sufficiently large to admit filling pieces, designed for 
the several different-sized shanks. 

Drait-gears for test under the drop are fitted to short lengths 
of draft sills, the ends of which may rest directly upon the anvil 
of the machine. In the place of the usual yoke and coupler, 


dummy construction is employed which will give a shank reaching 
out between the draft sills in such a manner as to receive the 
blow of the drop. Tension tests of draft gears by use of this 
machine are not contemplated. 

For axle testing there are provided two supports which may 
be placed upon the anvil on either side of the center line’ of the 
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machine to receive the axle, which, when thus placed, may receive 
blows from the drop in the middle of its length. 

Similar equipment serves in rail testing. 

Research.—The Master Car Builders’ drop-testing machine 
has been brought into existence to serve chiefly in routine work 
arising under certain specifications of the Association. There is, 
however, no reason why it may not also serve in work of engineer- 
ing research. In view of the important studies of a highly scientific 
character concerning the behavior of constructive materials under 
impact, which have already been made by members of this Asso- 
ciation by the aid of lighter machines, it is but reasonable to 
expect that a heavy, well-designed drop such as has been de- 
scribed will serve in extending the limits of such inquiries. In 
so far as the machine may serve such purposes it will fill an ever- 
increasing field of usefulness. 
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STREMMATOGRAPH TESTS OF UNIT FIBER STRAINS AND 
THEIR DISTRIBUTION IN THE BASE OF RAILS UNDER 
MOVING LOCOMOTIVES, CARS AND TRAINS. 


By P. H. DupDtLey. 


The large unit fiber stresses which occur in rails to carry 
their loads show that the entire permanent way for our best steam 
railroads is flexible and elastic by construction. The rails, cross- 
ties, and ballast resting upon a compressible, elastic, or plastic sub- 
grade are forced down by the moving loads and generated forces 
of the locomotives and cars as they run over the track until the 
total resistance equals the effects of the superimposed loads. The 
rails and cross-ties are depressed by the wheel loads in the ballast 
from } to } of an inch under the present heavy locomotives and 
cars. The compression of the ballast and subgrade forms one- 
third to one-fifth of the total amount of the temporary subsidence 
of the rail. The subgrade is affected to a depth of 12 to 20 feet, 
according to its material, construction, and stability. There is 
a characteristic “general depression” of the rails, cross-ties, bal- 
last, and subgrade produced by each type of locomotive or car 
to carry and distribute the loads with specific deflections in the 
rails under the wheel contacts. 

The structure of the permanent way is, by design and con- 
struction, the mechanism to support the moving locomotives and 
cars and reduce their wheel-load intensities to those the ballast and 
subgrade can absorb without rapid deformation. It is restricted 
in depth and weight, and, from its flexibility and elasticity when 
unloaded, is a floating mechanism held in surface or not by the 
ballast resting on the compressible subgrade. 

The trackman’s surface of the rail is its normal position only 
when unloaded. It is forced down by the moving superimposed 
loads of the locomotive and cars to its lower loaded position in the 
“general depression” for the necessary conjoint support of the 
subgrade to carry the weights. The loads are transmitted and 
distributed through the wheel contacts and produce specific unit 
fiber strains under them in the rails. 
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A part of the superimposed loads of the locomotives and 
cars rolling over the superstructure is required to overcome the 
looseness, flexibility, and elasticity of the permanent way affected. 
Consequently the surface to which the rails will conform is an 
equilibrium of the acting and opposing forces in the general 
depression. : 

To maintain the track and keep it in condition the trackman 
must rely upon its surface as it appears when unloaded. It is 
true that he notices the lowering of the surface to the ‘‘general 
depression” when the locomotives and cars roll over the line. 
It becomes necessary to do the surfacing, tamping the ties, and 
aligning when the track is unloaded. 

The task of tamping evenly sixteen to eighteen cross-ties per 
30 feet rail, so that each deflects uniformly under the wheels is 
greater than is usually considered. He must judge of what the 
requisite stability of his track is in its general depression, to carry 
the trains, by its surface when unloaded. He must be able to 
determine closely the uniform tamping of his entire track from 
the surface of the rail as he looks over it with his eye. 

The intelligent trackman not only knows that the surface 
of the rails and cross-ties is depressed, but that the ballast and 
subgrade are subject to movements under the moving loads of 
the trains. He must estimate the stability of his track as a struc- 
ture for all conditions of weather. When it is comparatively dry 
the subgrade is firmer and the displacements under moving loco- 
motives are less than when it is wet. He notices that when the 
drainage-line is comparatively near the surface of the rail he is 
obliged to expend more labor in maintaining the surface of his 
track than where it is some feet lower. He is compelled to do 
more work in the cuts than on the fills, as a rule, to maintain the 
surface. He learns from experience that more labor is required 
to maintain the shoulder rails of the outside tracks than the 
interior rails in double and four-track railroads. 

The trackman finds by experience that as the stiffness of 
the rail section increases, and the efficiency of the joints, he can 
maintain a better “condition of track” than was possible upon 
light rails. The comparative reduction per mile in undulation from 
the 44-inch 65-pound rails has been practically on an average from 
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8 feet to 2 feet on the 54-inch 80-pound rails. As the stiffness 
of the rails has increased, the axle loads and the total weight of 
the locomotives have been augmented in a greater ratio. The 
axle loads have been more than doubled, while the total weight 
of the locomotive has been increased for passenger service 60 to 
70 per cent. Faster trains have been run, and the expenditure 
of the tractive effort of the locomotives has been more than doubled. 
Even with all the increase of the service, the trackman is able 
to maintain a better surface and a smoother track with the stiffer 
80-pound rails with less labor than was possible with the 44-inch 
65-pound rails. The mechanical element of stiffness between 
the two sections is 70 per cent. greater for the 8c-pound, which 
with the locomotives has practically doubled the combined stability 
between them and the permanent way. 

The loading of the rails in the general depression is not alike 
for the passage of two locomotives or cars. The flexibility and 
elasticity of the superstructure are in action, so that a uniform 
loading for each wheel is not secured. The static loads upon the 
forward truck wheels or upon the driving wheels do not produce 
corresponding unit fiber strains in the rails. In the depression 
of the rail from its unloaded to its loaded position, the truck 
wheels, in taking up the looseness of the track, produce propor- 
tionately greater strains than the heavier loads of the driving 
wheels. The rail in the general depression under the driving wheels 
is in better position to carry heavy loads than under the forward 
truck wheel. The looseness incident to the construction of the 
track has been reduced, and the driving wheels are running upon 
a portion of the rail which has been restrained efficiently and 
impressed firmly to the cross-ties, ballast, and subgrade, and 
retained by the following trailing and tender wheels. 

The tabulations of the stremmatograph tests of the unit fiber 
strains in the rails, of the limited compressions preceding the pilot 
wheel of the locomotive, or following the rear wheel of the loco- 
motive or train, indicate that the rails are deflected from the 
unloaded to the loaded position before the maximum unit fiber 
strains are produced under the wheel loads. 

In our present tracks the rail section acts as a continuous 
girder and resolves the forces due to the moving wheel loads into 
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horizontal components of strain in the base and head of the rails, 
which is partly continued through the splice bars from one rail 
to the next to carry and distribute the wheel loads. The web 
of the rail also carries shearing strains at the points of flexure. 
In the section of the rail the neutral surface is neither elongated 
nor shortened by the deflections in the resolution of the com- 
ponents of a strain. In the head of the rail immediately under 
the wheel contact the metal is in compressive strain above the 
neutral surface, while below the metal is in tensile strain. A 
strain of one character above or below the neutral surface is 
balanced by an opposite one in the section. 

The examination of a stremmatograph record of the unit 
fiber strains in the rails shows that they are a scries of alternating 
strains of tension and compression as the wheel loads and their 
spacing move over that particular portion of the rail. 

The problems in reference to the strains in rails and their 
distribution under moving locomotives and cars are so compli- 
cated by the looseness of the superstructure and the imperfect 
elasticity of the road-bed that they cannot be expected to yield 
to complete mathematical analysis, as is the case for bridge 
members. The rails are loose under the spikes in the cross-ties, 
and decided deflections and bending take place under the loads 
before the rails are impressed firmly upon the cross-ties and the 
latter in the ballast. The entire superstructure is an elastic 
mechanism in the ballast, and is not attached rigidly to the road- 
bed. Its weight and friction in the ballast are the only elements 
to hold it in connection with the road-bed, except it is loaded by 
the train and receives conjoint support from the ballast and sub- 
grade. This permits and causes decided undulating movements 
and depressions in it before receiving efficient support from the 
road-bed. Then when the superstructure is depressed upon the 
ballast the subgrade is compressed, and decided movements take 
place in it, according to the material of which it is composed. 

With the introduction of stiffer rails into the tracks and the 
high standards of smoothness which have been secured by reduc- 
ing the looseness of the superstructure and its flexibility to a small 
amount, it is not yet a limited structure, like a bridge, in which 
the strains in the members may be traced, analyzed, and calcu- 
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lated. Our knowledge of the actual strains and their distribution 
in the rails is restricted to a few measurements. Extensive experi- 
ments have been made of the defiection of rails, and attempts to 
calculate what their unit fiber strains were under moving trains. 
While these were aided by comprehensive theoretical knowledge of 
the elasticity of metals, there was no way of confirming the correct- 
ness of the calculations, and the distribution of the stresses under 
the wheel base of the locomotive or cars was not traced. Such 
experiments have not led to what occurs actually in the distri- 
bution of the stresses under moving locomotives and cars, im- 
portant knowledge to be ascertained for reducing and limiting the 
stresses. 

It has been known by those conversant with the track that 
in the light rails which were in service ten and twenty years ago, 
from the permanent sets which they had taken, that at times 
the strains in the rails exceeded the elastic limits of the metal. 
They have been measured now, and found to be fully as high as 
was indicated by those which had taken permanent sets, and 
are higher than would be permissible in bridge members. While 
safety is the paramount question in either the bridge or rails, 
the conditions of service are so dissimilar that the same rules as 
to factors of safety do not apply. The bridge must support itself 
and the imposed load for several seconds, while the rail is sup- 
ported and distributes infrequent driving wheel loads of great 
intensity of strain for a small fraction only of a second, and instantly 
relieved by one of an opposite character. These can be repeated 
a few times daily, and the rails not break after years of service. 
In the bridge the strains lasting for several seconds under the 
moving locomotives and trains must be limited to higher factors 
of safety than are required in rails. These haye been ascertained 
from ample experience, and, as the stresses in the different members 
can be calculated, the construction of bridges is a matter now well 
understood. 

Tracks of light rails may be strong in the sense of barely sup- 
porting the traffic, but the transmission of the wheel loads would 
be concentrated on each cross-tie, instead of being reduced and 
distributed. 

Tracks of heavier rails would be safer and more efficient, 
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but still uneven and not capable of producing the requisite 
standards of smoothness for the trafiic. 

Tracks must be made of strong and stiff rails to secure the 
requisite standards of smoothness and distribution of the wheel 
loads required now for the present traffic. 

The rails as sections and the physical properties of the metal 
should be capable of sustaining large unit fiber stresses without 
taking sets from deformations incident to service. 

The stremmatograph was designed to determine the actual 
unit fiber strains in rails and their distribution under moving 
locomotives, cars and trains. It must be, by theory and con- 
struction, an instrument of precision, and, owing to the character 
of the unit fiber strains which take place in the rail, able to segre- 
gate the portion of it under which a test is to be made. The 
instrument must be capable of recording any extension of the 
metal due to its elasticity of tension or compression, with precision, 
in the length segregated, and, incidentally, as soon as the strain 
of one character is reversed, to record its opposite or absence in 
the same portion of the rail. 

One of the important functions of the stremmatograph is to 
record autographically, on a phosphor-bronze slide, the distribu- 
tion of the unit fiber strains in the base of the rail under the wheel 
base of the locomotive or car. 

Subsequently, by the microscope, the ordinates of the strains 
can be measured, which will show whether the curve was continu- 
ous or discontinuous for the entire wheel base of the passing 
locomotive or car. 


STREMMATOGRAPH TESTS. 


The tabulations of Tests Nos. 257 and 271 are from the series 
of precision made to ascertain the distribution of stresses under 
the moving locomotives. Comparative tests for this purpose, 
made at different places, all agree as to the total stresses under 
the eight-wheel type of locomotives, with rigid trucks, within 
one-half of 1 per cent.; the total stresses for the same locomotive 
on the different dates compared also within one-half of 1 per cent. 
in total amounts. In Test No. 257 the forward truck wheel pro- 
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duced the greatest tension, while in the following test, Decem- 
ber 30th, it was the rear truck wheel. The position of the counter 
weights, however, in passing over the stremmatograph, were 
different on the two days. 

Locomotive No. 870 is of the eight-wheel type, and in the 
forward and backward stroke there is a slight movement of the 
front of the engine, due to the application of steam to the driving 
wheels. In the forward stroke the tendency is to pull down the 
front of the engine slightly over its center of gravity, while in the 
backward stroke the tendency is to raise it on the springs. These 
effects will load the truck as it passes over the stremmatograph 
in a different manner and affect the unit fiber strains. The com- 
pression in front of the truck wheel in Test No. 257 was 709 
pounds, and the tension under the wheel 13,463 pounds. On 
December 30th, in Test No. 271, the compression in front of the 
truck wheel was 1653 pounds, and under the truck wheel the 
tension was 8976 pounds. In Test No. 257 the depression of 
the rail from its normal surface to the loaded position was by 
a long flexure, the wave preceding the pilot wheel being slight. 
This was a characteristic of eight tests out of eleven on the same 
date. The front truck wheel was reducing most of the looseness 
of the superstructure. In Test No. 271, on December 30th, both 
truck wheels were reducing the looseness, the wave in front of 
the pilot wheel being more decided than for the tests on the 23d 
instant. ‘The thermal stresses in the rails on the two dates were 
not identical, as the variations in temperature show, and would 
have some influence in the modification of the depression of the 
rail from its higher, unloaded surface to that of the loaded con- 
dition in the “‘general depression.” With the thermal stress of 
tension in the rails in the falling temperatures before the ends 
render in the splice bars, the looseness of the superstructure 
becomes less, and increases in rising temperatures when the thermal 
stress changes to compression before the rails render in the splice 
bars, due to expansion.* 


* Nearly all rails break under the locomotives, during the decided falls in 
temperature, before the rail ends have rendered in the splice bars. Loosening 
some of the bolts in the autumn and readjusting the rails relieve them of tension, 
and has reduced the percentage of broken rails. 
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The small compression stresses in front of the truck wheels 
show that in lowering from the unloaded to the loaded position 
they are moderate, as a long portion of the rail is gradually de- 
pressed. Under the specific deflections in the “ general depression” 
the stresses of tension, and particularly those of compression, 
increase. It will be noticed that the compression between the 
rear truck wheel and front driver in Test No. 257 was 3779 pounds, 
and in Test No. 271 4252 pounds. These compression stresses 
are not large for a 54-inch 80-pound rail, and indicate that the 
track was in excellent condition. The relief of the strain in the 
rail in the forward truck wheel in Test No. 257 is unusual. 

The only stresses which are alike in the two tests were those 
under the front drivers. The tension was 26,926 pounds of unit 
fiber stress, which is not large for rails, though three times that 
which is considered permissible in bridge members, where the 
ultimate strength of the steel is only from 58,000 to 65,000 pounds, 
but little in excess of the elastic limits of the steel in the rails 
under test. 

The stresses due to the tender become a part of those for the 
engine in holding and continuing the ‘general depression” of the 
rail for the driving wheels. 

The drawbar-pull of the engine is continued and transmitted 
by the tender to the train. This becomes an important factor in 
distributing the stresses of the engine incident to its load for 
adhesion and the effect of its expended tractive effort to a longer 
portion of the track than that occupied by the driving-wheel base. 

The increase in the stresses of the engine, due to its expended 
tractive effort, in the eight-wheel type is 15 to 30 per cent., accord- 
ing to the work performed. At this location the light engine would 
produce a total stress in the base of one rail of 108,000 to 110,000 
pounds. The greatest total amount for the tests of the day, 
December 23d, Test No. 258, was 154,620 pounds, locomotive 
No. 934, same type and class as No. 870, drawing the fast mail, 
13 cars, speed 48 miles per hour. Under the front driver the unit 
fiber stress was 37,082 pounds.* Larger unit fiber stresses than 
those given are frequent. 


* This unit fiber stress was produced by a bending moment of 422,734 pounds, 
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In the first column of the tabulations of the tests are given 
the unit fiber stresses in the base of one rail, both of compression 
and tension. In the second column the total is given for the wheel 
base of the trucks and drivers of the engine, as well as for the 
tender and cars. In the third column, the unit fiber stresses per 
wheel base of the engine and tender. In the fourth column, the 
total stresses for the entire locomotive or a car. 

In comparing the results of two locomotives of the same or 
different types, the total stresses are used in each case, and in the 
series of tests of precision for the determination of the distribution 
of the stresses under locomotives, only those were used in which 
the conditions were practically alike. This has occupied several 
years of time to reduce and repeat the tests, to secure total results 
agreeing within less than one-half of 1 per cent. with a class and 
type of engine. The results show that the distribution of the 
stresses under the locomotive as subdivided by the different sub- 
wheel bases should correspond closely to the total sum of the 
stresses as though distributed from the center of gravity of the 
entire locomotive. This has been found to be the case with the 
best designed locomotives in good condition with rigid front trucks. 
If we were able to determine precisely the stresses due to each 
wheel base the total should equal those obtained for the entire 
wheel base of the locomotives. As the subwheel bases pass over 
the stremmatograph, equalizing of the loads is occurring, so that 
a calculation would be required to show what the total should 
be for each wheel base. This prescribes considerable data which 
is not yet available in making such tests, and it becomes necessary, 
therefore, to compare the total stresses for the purpose of pre- 
cision. That the sum of the effects of each wheel base should equal 
the stresses for the entire wheel base is in accordance with a well- 
known law of mechanics. 

These tests of precision have been made to see how closely 
the locomotive as a machine and generator is capable of distribut- 
ing and repeating its stresses upon the best track. Such results 
as have been acquired in the tests of precision can be obtained 
only on a high standard of track, with efficient joints, and loco- 
motives in good condition. 

In the fifth column is given the unit fiber stress per pound 
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of load in the base of one rail for the subwheel base of the drivers 
and trucks of engine, tender, or cars. 

The figures are approximate only, yet they furnish instructive 
information in respect to the distribution of stresses under the 
supposed static wheel loading of the subwheel bases of the loco- 
motive. When it is running, owing to the -undulations in the 
track, also to movement of the wheels in their pedestals and the 
irregular application of steam to the driving wheels, it is impossible 
to expect results corresponding to its supposed static wheel loading. 
As stated, we have a flexible or elastic track, with looseness of the 
rails upon the cross-ties. This must first be reduced by the weight 
under the forward truck wheels, which at once modifies the effects 
of the calculated static wheel loads of the locomotive. If the tracks 
were inflexible, except for the strains in the rails to support the 
loads, then we should obtain unit fiber stresses corresponding to 
the supposed static wheel loading of the engine, except for the 
driving wheels. 

It will be instructive to observe that the unit fiber stresses 
per pound of load in the rails under the forward trucks, carrying 
about one-half of the weight per axle of the driving wheels, are 
within one-fifth as much as those under the drivers, even with 
their added effect of the expended tractive effort. In other words, 
by a subdivision of the total load of the engine, a part may be 
used to stiffen and strengthen not only the superstructure but 
the subgrade, to carry and distribute the heavier driving wheel 
loads with less deformation than would be possible without the 
forward truck. In the ten and twelve-wheel types of engines for 
slow speeds, even more favorable results are secured. In some 
tests under twelve-wheel engines, at 15 miles per hour, under the 
forward truck the unit fiber stress per pound of load was one pound, 
which reduced to 0.7 of a pound for a total load of 140,000 pounds 
on the four pairs of driving wheels. 

The forward truck under the front of the engine adds to its 
value and efficiency as a machine for locomotion, and is distinctly 
an American invention. It was designed first by Mr. John B. 
Jervis, in 1831, for an engine for the Mohawk & Hudson Rail- 
road, and was under construction that year, and went into service in 
1832. Aplan fora similar truck engine was also sent to R. Stephen- 
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son & Co., New Castle-on-Tyne, England, for construction, and was 
received and run on the Schenectady & Saratoga Railroad in 1833. 
This was the inception and installation of the American theory 
and practice of subdividing the total load of the engine, and utiliz- 
ing a portion of the weight by a forward leading and guiding truck 
to take up the looseness of the track and stiffen the portion of the 
rail occupied by the heavier loads of the driving wheels. The 
“general depression” of the rail started by the forward truck 
wheels is continued under the driving wheels to the rear portion of 
the rail held down by the following wheels of the tender. With 
this principle of distributing the loads of the locomotive, the 
greater weights carried upon the driving wheels do not produce 
a proportional increase of stress incident to the expenditure of 
their tractive effort and the load carried upon the driving wheels. 
The rail, instead of forming a deep depression under the driving 
wheels, is retained in a more level and uniform height in the 
general depression than would be the case without the assistance 
of the weight upon the forward truck. In extending the same 
principle to larger types of locomotives having more than two 
pairs of driving wheels the effect of the distribution of the increased 
load of the locomotives upon stiff rails has been rendered exceed- 
ingly advantageous, as already indicated. 

Each type of locomotive produces on the track a distinct form 
of the general and specific deflections under its wheels. The 
decided reduction in unit fiber stresses and greater smoothness 
of the track, by the introduction of the stiffer rails, has made it 
possible within the last decade to draw heavy trains at high rates 
of speed. By the increased smoothness of the track incident to 
the stiffer rails and the higher maintenance possible, the locomo- 
tive in running over the track has been able to expend most of 
its power in overcoming train resistance without doing destructive 
work upon the track. If we examine the locomotive as a machine 
in the distribution of its loads by the different wheels of the wheel 
base, it will be seen how important it has been to increase the 
smoothness of the track so that the locomotive could run over it 
without generating destructive dynamic forces under each wheel. 
The center of gravity of the engine is nearly midway of its length, 
and, as a rule, below the center of its boiler shell, The center 


DUDLEY ON STREMMATOGRAPH TESTS. BiFi2 


of gravity of the tender will be midway of its length and about 
5 to 6 feet from the top of the rails. The center of gravity of the 
locomotive will be vertically in line through the cab and below 
the center of gravity of the engine. With stiff rails and smooth 
track, with the force of the drawbar-pull between the engine and 
tender, the locomotive can distribute its load to the track nearly 
in accordance with its center of gravity. To do this completely, 
without the generation of destructive dynamic forces, each wheel 
should roll forward practically parallel with the surface of the rail, 
without undulations. The distribution of steam to the driving 
wheels will not be uniform, and some irregular motion will take 
place in their revolutions. The center of gravity of the engine 
should ride forward without undulations, also that of the tender. 
In such cases the center of gravity of the entire locomotive will 
move forward without much undulation. This high degree of 
perfection is seldom attained, though closely approximated. 

If we examine the tabulation of the fiber stresses in the rail, 
we note that between the wheel contacts, as well as under the 
wheels, the rail is distributing its load by horizontal components 
of strains in the base and head of the rail. For the rail sections 
to perform completely the functions of a continuous girder, the 
joints of the rails must be able to continue the same functions as 
the rail section. It is necessary to support not only the rail ends, 
but prevent them from rising and also from separating or closing 
between the wheels as the locomotive moves over the track. 
Rails in which the ends were supported by chair-joints would not 
be capable of transmitting the horizontal components of strain 
from one rail to the next. With efficient splice bars bolted firmly, 
so that the rails will not render without a greater force than the 
strains imposed by the passing locomotive, then the bars are able 
to transmit, in a measure, the horizontal components of strain 
from one rail to the next; that is, they continue it between the 
wheels and under the wheel which is passing over the joint. 

For the most efficient distribution of the total load of the 
locomotive the wheel base must have proper design, so that 
the wheel spacings are not excessive. It is noted often that the 
wheel spacing between the rear driving wheels and front truck 


wheels of the tender is so long that the rail is relieved nearly of 
18 
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strain in the wheel spacing. In such conditions, which may be 
- observed on light rails, the engine forms a general depression, and 
the following tender also another depression. These are both 
greater than would be the case were the “general depression” 
formed by the driving wheels continued to the wheels of the 
tender. 

The general idea that the span of the bending rail is in accord- 


ance with the tie spacing is not confirmed. Owing to the looseness _ 


of the rails upon the cross-ties, the span of the bending rails is 
influenced by the wheel spacing of the locomotive in distributing 
its load. 

As the stiffness of the rails has been increased the axle loads 
have doubled within the past decade. The distribution of heavy 
loads upon stiff rails can be made without undue injury to the 
track. With the increased axle load the intensity of the pressure 
between the wheel tread and the head of the railisaugmented. The 
only way to relieve this is by a slight increase in width of head, 
and provide for it with proper physical qualities in the metal. 


DUDLEY ON STREMMATOGRAPH TESTS. 275 


New York CENTRAL AND HUDSON RIVER RAILROAD. 


P. H. Dudley’s Stremmatograph Tests, December 23,1899. 


No. 257. Track No.1. Location, 6° curve 600 feet west of Mile Post No. 10. 

Rail 54% inch, 80 lbs. Moment of Inertia 28.5 4th Power inches. 

Cross-ties. Length 8. Width 9”, Thickness 6”. Wood Y. P. Weight 155 Ibs. 

No. 18 per 30 feet rail. Average weight of superstructure per yard 449 lbs. 

Three-tie supported joints, 86 inch splice bars, Stone ballast. 

Train No. 51, Empire State Express. No. of cars4. Weight 430,000 lbs. 

Locomotive No. 870. New weight 220,000 lbs. Speed 42 miles per hour. Temperature 40°, 

The apparent mean extreme unit fiber stresses in the base of one rail were as follows in pounds: 
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New York CENTRAL AND HupSON RIVER RAILROAD. 


P. H. Dudley’s Stremmatograph Tests, December 30, 1899. 


No. 271, Track No.1. Location, 6° curve 600 feet west of Mile Post No. 10. 

Rail 5% inch, 80 lbs. Moment of Inertia 28.5 4th Power inches. 

Cross-ties. Length 8’. Width 9”, Thickness6”. Wood Y. P. Weight 155 lbs. 

No. 18 per 30 feet rail. Average weight of superstructure per yard 449 lbs. 

Three-tie supported joints, 36 inch splice bars, Stone ballast. 

Train No, 51, Empire State Express. No. of cars4. Weight 430,000 lbs. 

Locomotive No. 870. Weight 220,000 lbs. Speed 44 miles per hour. Temperature 6°. 

The apparent mean extreme unit fiber stresses in the base of one rail were as follows in pounds: 
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NOTE. 


From the unit fiber strains as measured by the stremmatograph, for a given 
section of rail, from its section modulus we can approximate the bending mo- 
ment which produced the strain of tension. For the 5$-inch 80-pound rail 
mentioned in Tests Nos. 257 and 271, the section modulus is 11.4. In either 
of the tests, the maximum tension under the front driver was 26,926 pounds, 
corresponding to a bending moment of 306,956 inch-pounds. The wheel effect 
produced also some compression either side of the wheel in distributing the load. 

If the cross-ties in the ballast were inflexible supports, such large bending 
moments, and consequent unit fiber strains in the rail, could not occur. The 
cross-ties, ballast, and subgrade were depressed over 0.06 of an inch under the 
wheel, to produce the maximum bending moment in Tests Nos. 257 and 271. 

The distribution of the load between the wheels is not uniform, and the ballast 
in the center of the wheel spacing was compressed less than one-third of that 
directly under the wheel. 

Bending moments of 400,000 to 450,000 inch-pounds occur daily in the 5 $-inch 
80-pound rails, and unless the elastic limits of the metal are high the rails are 
liable to take a set. 

Engine No. 934, at the same place, in Test No. 258, produced a bending 
moment of 422,734 inch-pounds. 

The 6-inch roo-pound rails can carry a bending moment of 500,000 to 
600,000 inch-pounds without taking a set. Light rails cannot carry such large 
bending moments, and therefore must receive a greater support per cross-tie, from 
the reaction of the ballast and subgrade, the undulations in the rails being more 
decided. 

Since the above paper was written a number of tests have been made on the 
depression of the ballast under the locomotives. The most decided depression 
takes place under the specific deflections of the wheels in the ‘‘ General Depression.”’ 
In some instances the ballast in the center of the wheel spacing under the loco- 
motive was compressed only one-fourth to one-fifth of the amount directly under 
the wheels. This varies in different localities, owing to a greater or less percentage 
of moisture in the subgrade. 


THE DETECTION OF THE FINISHING TEMPERATURES 
OF STEEL RAILS BY THE THERMO-MAGNETIC 
SELECTOR. 


_ By ALBERT SAUVEUR AND JASPER WHITING. 


The following few paragraphs from a recent paper*™ by one 
of us will form a proper introduction to this paper: 


“Tt is well known that when a piece of steel is allowed to cool undisturbedly 
from a high temperature, it crystallizes, and that the resulting crystals or grains 
as they are frequently called, are the larger, the higher the initial temperature 
and the slower the cooling. This was first forcibly stated by Professor Tschernoft 
in his masterly paper on ‘The Manufacture of Steel and the Mode of Working It,’ 
communicated to the Russian Technical Society in April and May, 1868. 

“Tt is also well known that if steel be vigorously worked (rolled or forged) 
while it is cooling from a high temperature, crystallization is prevented, but as 
soon as work ceases crystallization sets in until a certain temperature is reached, 
which in the majority of cases is not far from 700° C., and below which there is 
no further growth of crystals.” 


We may, for convenience, call the range of temperature 
during which steel crystallizes, and which extends from the 
melting-point to this critical temperature, the crystallizing range. 

It follows from the above considerations that in working 
steel, as is done in the manufacture of so many implements, 
from a high to a much lower temperature, crystallization is 
retarded—4. e., is made up to cover a much shorter range of tem- 
perature, extending from the fmishing temperature (i.e., the 
temperature at which work ceases) to the critical temperature. 
The resulting structure will, therefore, be finer grained—~. e., will 
be made up of smaller crystals—than if the metal had been allowed 
to cool wndisturbedly from a higher temperature; the crystals will 
be the smaller the lower the finishing temperature. 

It has been conclusively shown that the finer the structure— 
t.é., the smaller the crystals—the more ductile will be the steel, 
and since ductility is always a very desirable property, whatever 


* Structure and Finishing Temperatures of Steel Rails, by Albert Sauveur. 
Proceedings of the American Society for Testing Materials, Vol. II., p. 79. 


re 
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the intended use of the finished implement, we should so conduct 
our treatment of the metal as to confer upon it the finest possible 
structure. The importance of finishing steel implements at the 
proper temperature, therefore, need not be insisted upon. It is 
now appreciated by all enlightened metallurgists. 

The manufacturers of steel rails have, more than any other 
producers of finished steel articles, given careful attention to 
the important influence of the finishing temperature upon the 
structure and the physical properties of their rails. In these 
days, when the tendency is to allow more and more carbon in 
rail steel, in order to lengthen the life of the rail, the importance 
of securing all the ductility possible from the heat treatment 
stands pre-eminently at the front. 

It is quite certain that if a satisfactory means could be 
devised to ascertain whether or not rails are finished at the 


_ proper temperature, rail consumers would specify the application 


of such a test and would thereby obtain rails of a better and 
more uniform quality. It is well known to the readers of this 
paper that several methods have been proposed to this end, 
that they have been tried tentatively, but that none has proved 
satisfactory. Efforts have been made to determine the finishing 
temperature (1) by the use of pyrometers, (2) by the shrinkage 
of the rails after leaving the finishing rolls, and (3) by the ex- 
amination of the microstructure of the rails. The use of py- 
rometers naturally suggested itself at first as the most promising 
means of accomplishing that purpose, but it was soon found 
that no pyrometric device existed which could be applied in a 
practical way to the detection of the temperature of quickly 
moving rails. The control of the finishing temperature by the 
amount of contraction which the rail undergoes in cooling from 
the finishing to the atmospheric temperature is open to serious 
objections; they have been discussed before this Society and 
need not be reviewed here. Finally, the micro test, although 
attractive and useful, can only be applied to a very small per- 
centage of the rails manufactured, and this is its greatest weakness. 

A truly practical and efficient method of preventing the 
rolling of coarsely crystalline rails should fulfil the following 
requirements: (1) it should be continuous in its working—~. e., 
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it should test every rail; (2) its working should be automatic; 
(3) it should not interfere with the speed or simplicity of the 
mill operations, and (4) the cost of its installation, maintenance, 
and operation should not be excessive. 

The method now to be briefly described appears to fulfil 
these requirements. 

It is well known that when steel is heated to a high tem- 
perature it loses its magnetic properties—f.e., it ceases to be 
attracted by a magnet. On cooling the metal remains non- 
magnetic until a certain critical temperature is reached, when 
it regains its magnetism quite abruptly. In the case of medium- 
high and of high-carbon steel this change in the magnetic prop- 
erties occurs at the well-known point of recalescence, which 
also precisely marks the end of the crystallizing range. It is 
evident, therefore, that steel rails, in order to have a fine structure, 
should be magnetic when leaving the finishing rolls or should 
become magnetic shortly after leaving them, because this would 
indicate that they were finished but slightly, if at all, above the 
point of recalescence. 

These considerations naturally suggest the application of 
a magnetic test to the control of finishing temperatures of steel 
implements, and this paper is merely a brief description of our 
efforts in this direction. Various methods of applying the mag- 
netic test naturally come to mind. In order to be effective and 
practical, however, the mechanism should be automatic and 
actuated solely by the magnetic properties of the finished 
product. These automatic devices may be grouped into two 
classes : 

rt. The automatic separation of magnetic from non-magnetic 
rails, through the deflection of the magnetic rails, brought about 
(a) by the deflection of the magnetic rails themselves, due to 
the attractive influence of a magnet, or (6) by the motion of a 
suitable deflector placed in their path and which is controlled 
by the motion of a magnet, actuated in turn by the magnetic 
conditions of the rails. These two arrangements are indicated 
in a conventional manner in Figs. 1 and 2, respectively.* It 


* Acknowledgment is made to the Railread Gaseite for the cuts used in this 
paper. 
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will be evident that the magnetic device instead of being placed 
in close proximity to the rolls may be located at some other point, 
near the hot saws, for instance. 

2. The automatic stamping of magnetic rails to the exclusion 
of others, or vice versa. 

This method appears to us to be the more practical of the 
two, and it will suffice for the purpose of this paper to describe 
only that arrangement which, after careful study of the problem 
involved, has seemed to us to be the most promising. 


The device illustrated in Fig. 3 consists of a rail-stamping 
machine of the usual design, arranged to place in the runway 
from the hot saws. The rails pass over two rollers keyed on to 
steel shafts extended back to the frame of the machine. To 
the rear of the frame is attached a steel keeper and bridge piece. 
This keeper is supported on a pin in such a way that if the two 
steel shafts become magnetized, it will be attracted and drawn 
down against the ends of the shafts. The tendency to magnetic 
attraction is resisted by a spring which serves the purpose of 
drawing the keeper away from the ends of the magnet as soon 
as the shaft ends forming the magnet poles become so weak as 
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to have less influence on the keeper than the spring. The two 
solenoid spools are intended: to be energized by means of an 
electric current, the connections of which are not shown. ‘The 
action of the machine is as follows: When a rail which is cold 
enough to be magnetic passes over the two rollers it closes the 
air gap between the rollers, and by the closing of this air gap 
the magnetic flux which is passing through the steel shafts, due 
to the current flowing in the solenoid, is increased many times. 
It will be seen that by thus connecting the two steel shafts by 
means of a magnetic rail, a horseshoe magnet is formed with 
the poles at the rear of the machine. This increase in flux causes 
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Fig. 3. 


the keeper and bridge piece to be attracted, thus forming a com- 
plete magnetic circuit through the two steel shafts, the rail and 
the keeper. As soon as the keeper is attracted it closes the electric 
switch, which establishes a circuit through the electric motor, 
which in turn revolves the shaft carrying the stamp, thereby 
causing the stamping of the magnetic rail. The stamping mech- 
anism is briefly as follows: The motor acting through the worm 
and gear revolves the shaft. The resulting movement of the 
die wheel brings the first character against the rail, after which 
the movement of the rail past the die wheel rotates the latter 
positively, until the last character passes out of engagement 
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with the rail. The purpose of the friction clutch is to provide 
for differences in the relative speeds of motor and rail, and to 
permit the rotation of the shaft to come wholly under the control 
of the rail after the die has been brought into engagement with 
the rail through the medium of the friction clutch. As soon as 
the rail leaves the rollers the spring returns the armature to 
normal position, thus opening the circuit and stopping the motor. 
Rails which are finished too hot to be magnetic pass through 
without being stamped. 
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DISCUSSION. 


Joun A. MarHews.—lI should think it far more important 
to determine and to control the temperature before the rail is given 
the last pass. This apparatus would hardly do that. It would 
be better to determine the heat before the finishing pass, rather 
than that its return to the magnetic condition be detected at an 
indefinite time after finishing. 

THE PRESIDENT.—I should like to ask Professor Sauveur 
whether the difference in carbon content would make any difference 
in the amount of magnetism evolved according to the temperature ? 

ALBERT SAUVEUR.—I suppose it makes a difference; but I 
take it that there would be enough magnetism left in the rail to 
set the apparatus working. 

RoBertT JosB.—Under the ordinary working conditions at the 
mill, a rail would go through the last pass before the critical 
temperature had been reached, and since the magnetic action 
would begin at the critical point, the instrument would necessarily 
be placed at a distance beyond the rolls. 

Mr. SAuveur.—I think Mr. Job is quite right. I do not 
know just where the apparatus had better be placed: immediately 
after the finishing roll or at some distance from the same. 

Witi1AM CAMPBELL.—I understood Professor Sauveur to say 
that the magnetic properties of the rail change at the recalescence 
point. Is it not a fact that the magnetic properties change at the 
point AR3,2, not ARrP 

Mr. SAuveur.—I should like to call, Dr. Campbell’s at- 
tention to the fact that we are dealing now with relatively high 
carbon steel and that the critical point AR3,2 which marks the 
change in the magnetic properties is practically the same as the 
recalescent point. It becomes merged with it as AR3,2,1, so that 
the recalescence point also marks the change in magnetic properties. 

J. W. RicHarps.—It strikes me that the apparatus of Mr. 
Sauveur would simply divide the rails into those which were 
finished below and above a certain temperature; but how far above 
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the prescribed temperature they were finished would not be indi- 
cated. I hope the time will come when there will be an automatic 
or an easily applied pyrometer which can be applied to the rail 
before the last pass and by which the workmen, by looking at an 
indicator, can see at once its temperature. The rail may then be 
held until the correct finishing temperature is reached and the 
last pass made at a certain fixed temperature. 1 think that would 
be quite a possible arrangement with a thermo-electric pyrometer, 
which should touch the rail just before the last pass and give 
indications on a large dial, the rails being held until the temperature 
is just right. 

Mr. Matrnews.—It would seem to me that the actual 
temperature before the finishing pass might be readily determined 
by some such instrument as the Morse heat gage. This instru- 
ment has been very successfully used in the practical hardening 
of steel. The principle is simple. There is an incandescent lamp 
in a tube through which one looks at the hot object. ‘The color 
of this filament depends upon the current used, and this is con- 
trolled by a rheostat and measured by a milammeter. The scale 
of the milammeter is calibrated to give degrees of temperature 
directly. When, in using the instrument, the filament seems to 
disappear we know that the object and the filament are of the 
same temperature. If the filament, as compared with the object, 
appears dark the object is hotter; if the filament appears relatively 
bright the object is at the lower heat. The inventor of this heat 
gage is Mr. Morse, of the Morse Chain Company, Trumansburg, 
N. Y. In his case necessity was the mother of invention, for in 
making their well-known and nearly frictionless chain, it was of 
the utmost importance that all the links be hardened at iden- 
tical temperatures. In solving this problem this apparatus was 
invented. It is thoroughly practical to do hardening within 
limits of 10° C. The instrument itself is not expensive, but the 
installation of it is, particularly if exclusive rights for any one 
industry or use are obtained. Each lamp used in the heat gage 
is carefully calibrated by means of either the thermo-couple or the 
air thermometer. 

G. H. Cramer.—I can testify to the accuracy of the Morse 
heat gage. I was chairman of the committee to examine that 
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instrument for the Franklin Institute, and we investigated it very 
carefully. Determinations can be made, as Mr. Morse claims, 
within about five to ten degrees. The apparatus is extremely 
simple. The current passing through the lamp can be regulated, 
thus bringing the color of the filament to correspond to the desired 
temperature. By bringing the rail underneath it at the point 
where the filament disappears, or apparently becomes a part of 
the steel, they can be said to be of equal temperature. ‘The filament 
is in the direct rays of light coming from the piece the temperature 
of which it is desired to determine, and not to one side, as with 
other optical pyrometers. I think the apparatus should have a 
wide field of usefulness. 

Mr. Matruews.—The apparatus can be made portable 
or stationary. You can carry the lamp around with you from 
place to place in any kind of mill by the use of storage batteries. 
The eye is as readily trained to using this gauge as it is to using 
the saccharimeter or other apparatus of that sort. It seems to 
me one could readily determine the temperature of the rail before 
the last pass by using such a device. 

Mr. SAuveur.—lI think there is a mistaken idea about 
the results that can be obtained by keeping a rail before the last 
pass, as was shown in another discussion before this Society. If 
you find that the rail is too hot before it has gone through the 
last pass and detain it a while, that rail is crystallizing and will 
after the finishing pass have a coarse structure. The finishing pass 
is not enough to break it. 

James Curistie.—There is one difficulty about the pyrometer 
that cannot be easily overcome in practice. The outer surface 
cools more rapidly than the interior of the bar, and in the case of 
larger sections the difference may be very considerable. No 
matter how accurate the pyrometer readings may be, they indicate 
only the temperatures at the surface of the bar. 

Mr. Matuews.—The same argument applies. in regard 
to the magnetic properties: the outside of the rail becomes magnetic 
before the inside. There is a gradual magnetic transformation 
proceeding from outside to inside as the steel cools off. ‘Thus the 
same thing applies whether we determine the temperature directly 
or the return to the magnetic state, which depends on the tem- 
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perature. In one method you ascertain how much the steel is 
above the finishing temperature; in the other you really have to 
wait until it passes the critical point and becomes magnetic and 
use this interval of time as a guide to right practice. I do not 
say that this cannot be done, but the first method appeals to me 
more strongly. 

Mr. SAvuveuR.—It simply means that sve shall have to 
decide where to place this magnetic selector; whether we will place 
it very near or at a little distance from the finishing rolls. At any 
rate it gives us a means of separating in an automatic manner 
those rails that are finished above a certain temperature from 
those finished below that temperature; and it is only a question 
of locating properly the instruments in order to obtain rails with 
a sufficiently close structure. 


Mr, Mathews. 


Mr Sauveur. 


A DIRECT READING APPARATUS FOR TESTING TRANS- 
FORMER IRON. 


By J. WALTER ESTERLINE. 


Sheet steel is now universally used for making the cores of 
transformers, generators, and motors, and in those parts of the 
magnetic circuit in which the magnetic flux has a cyclic variation 
in order to reduce the losses of energy which act to lower the 
operating efficiency of the device. 

In sheet-metal cores the greater of the two losses is due to 
magnetic hysteresis, which is the dissipation of energy in reversing 
the flux passing through the metal. When a mass of iron is 
magnetized in a given direction, upon the removal of the magnet- 
izing force it will tend to remain so magnetized, and the removal 
of the flux which remains, by the application of a reversed 
magnetizing force, requires the expenditure of energy which 
appears as heat. 

The losses due to the phenomenon of hysteresis or magnetic 
inertia depend upon the rate at which the alternations of flux 
direction take place, the range through which the iron is mag- 
netized and the quality of the metal; the soft, well-annealed irons 
having a much lower hysteretic loss than hardened iron. 

The second loss is due to eddy currents, which are idle cur- 
rents of electricity traversing the iron in paths at right angles to 
the direction of the magnetic lines of force. These currents are 
produced by the variations of magnetic flux jin the iron, and are 
dependent in magnitude upon the magnetic density, the frequency 
of the flux reversals and the degree of lamination—. e., the thick- 
ness of the sheets of iron and the insulation provided between 
adjacent sheets. The eddy current losses are greatly reduced by 
laminating the cores parallel to the lines of force, as each space 
between lamin then offers a barrier to the flow of the electric 
current. 
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Since these magnetic losses occur at all times when the 
apparatus is in operation, independent of the load upon the 
machine, it is highly desirable to reduce them to the lowest possible 
value, to obtain more efficient operation and better thermal 
conditions. 

The best manner in which to determine the quality of mag- 
netic material and its fitness for use in electfic construction, is 
to make frequent tests of samples selected from the stock. A 
method of magnetic testing, to meet with favor, should possess 
the following characteristics : 

1. Samples should be easily, quickly, and inexpensively 
prepared. 

2. Method should be rapid, and yet give high relative accuracy 
and fair absolute accuracy. 

3. Apparatus should be simple, and not be affected by 
vibrations, magnetic fields, etc. 

4. Instrument should preferably be direct reading, requiring 
little or no calculation in deducing results. 

5. Samples should conform as nearly as possible in form and 
shape to the stampings to be used, especially if high absolute 
accuracy is desired. 

The apparatus which forms the subject of this paper was 
designed with a view of embodying as nearly as possible all the 
features which have just been set forth. It is well known that 
when an alternating current is used to magnetize a circuit, the 
power expended in the circuit will be that necessary to overcome 
the ohmic resistance of the conductor, and that dissipated 
due to the magnetic losses. Hence, a wattmeter placed in 
the circuit will indicate the combined resistance and magnetic 
losses. 

The apparatus consists of two non-conducting shells, each 
containing one-half of a magnetizing coil, so designed that the 
two forms may be readily taken apart and placed together again. 
The two ends of each turn of wire in the upper half of the encase- 
ment fit accurately into mercury cups, which form the terminals 
of the other half of the same coil, so that when the upper half 
has been removed and replaced each convolution is restored, 
and the current finds continuous path throughout the winding. 

19 
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As shown in Fig. 1, the original design was made to use 
a sample in the form of a concentric disc, which readily fits into 
the space between the outer and inner parts of the winding. 
It should be noted in this connection that the general form of the 
apparatus can be changed to accommodate any standard trans- 
former stamping, so that special dies will not be required to 
produce the specimens of the test. In the newer types of the 
instrument, the mercury cups will be supplanted by contact 
sleeve of special design, but the general form of the apparatus 
remains unchanged. The conductors consist of No. 9 B. & S. 
bare copper wire, which fit tightly in the holes drilled in the shell, 
which is built up of vulcanized fiber, no insulation being required 
on the winding. 


EYG. 1. 


To measure the power lost in the circuit, a standard portable 
Weston wattmeter is used, calibrated as follows: The watt- 
meter scale was first calibrated to read directly in watts. The 
apparatus without an iron core, the wattmeter and an ammeter, 
all in series, were connected to the source of alternating current; 
the current was varied by steps of one ampere, and the wattmeter 
reading for each value of current was indicated on the scale. 
Since there was no iron within the coil, the wattmeter readings 
under this condition indicate the copper loss for the successive 
values of current. 

To test a sample of iron for its magnetic losses, it is only 
necessary to select a number of stampings, weigh and_ place 
them in the recess provided and close the coil, connect the 
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apparatus, ammeter and the wattmeter to a source of alternating 
current of known frequency, as shown in Fig. 2. The current 
should now be brought to the first desired value and the differ- 
ence between the wattmeter reading and the reading given when 
the apparatus contained no iron, for the same value of current, 
noted. This difference represents the iron losses for the corre- 
sponding value of current. This process can be continued 
throughout the entire range of the current capacity of the instru- 
ment, which is 25 amperes. 

The time consumed in making a test after the stampings 
have been prepared is but a few minutes, and trifling in com- 
parison with some of the other methods of obtaining the same 
data. In the apparatus shown in Fig. 1, the coil consists of two 
layers of go turns each, which, with the current of 20 ampéres, 
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brings the iron to a density of about 100,000 lines per square 
inch, which is in excess of the magnetic densities used in actual 
practice. 

A number of tests have been made to ascertain whether or 
not there was any appreciable variation in the resistance of the 
coil, and also to find if the loss when the iron was removed was 
greatly affected by the frequency, with the result that under 
ordinary conditions of operation, say with currents up to 15 or 20 
amperes, the temperature range was so small as to inappreciably 
affect the copper loss. A change of frequency showed practically 
no effect upon the loss when the iron was removed. This would 
indicate that a single careful calibration at a standard frequency 
would be all that is required for the wattmeter. 
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Im a paper presented before the American Institute of 
Electrical Engineers the author has shown that the iron loss is 
dependent to a marked degree upon the distribution of the 
magnetic flux in the circuit, which would indicate that if accurate 
results are desired ofa sample of iron it should be tested in as 
nearly as possible the form in which it is afterward to be used. It 
is claimed for this piece of apparatus that it is direct reading, it is 


not affected by magnetic fields, vibrations, etc. The samples for _ 


test are easily prepared-and require no winding whatever, and the 
form of the sample is in very close accord with the magnetic 
circuit of the transformer. ; 

The author's attention has recently been called to the fact 
that a large transformer manufacturing company purchases a 
large amount of the sheet steel used from a rolling mill some 
hundreds of miles distant. Upon the receipt of a shipment of 
iron a transformer is promptly built from stampings made of 
sheets selected from the shipment, and the iron loss of this trans- 
former is measured by the wattmeter method. If the test-indi- 
cates that the iron is up to standard, the entire shipment is 
accepted; if not, the iron is returned to the manufacturer for 
re-annealing. 

With such an apparatus as has been herein described more 
frequent tests of the product of the rolling mills may be made, 
which should result in avoiding difficulties of the nature just cited, 
and also in the improvement of the quality of the product. 


THE UNITED STATES ROAD MATERIAL LABORATORY: 
ITS AIMS AND METHODS. 


By LoGAN WALLER PAGE AND ALLERTON S. CUSHMAN. 
Historic Review or RoAD MarertaL TESTS. 


It is only of comparatively late years that the tests of materials 
of construction have been carried on in a systematic way, and 
the history of the tests of road materials is of still more recent 
date. Doubtless the ancient Roman engineer satisfied himself 
of the suitability of his materials to the end in view, but this 
was probably done in a very general way, or some records would 
have come down to us of the methods employed. Many of the 
earlier writers on macadam road-building noted the superiority 
of wear in certain varieties of rock, and reference is often made 
to the desirability of hard and tough rock. As early as the middle 
of this century compression tests were made on rocks in the en- 
deavor to determine their road-building quality. The systematic 
testing of road materials may be said, however, to have first 
started in France during the seventies, where it has been steadily 
developed ever since. The Portuguese government was the next 
to take up the subject, adopted some of the French tests and con- 
ducted them with much precision. While the importance of the 
subject has been recognized in England, yet, aside from the limited 
investigations of a few individuals, almost nothing has been done. 
The same is even to a greater extent true of Germany, and the 
other Continental nations have left the subject practically un- 
touched. ‘The United States is the only other country where 
this work has been carried on in a systematic way. 

In 1893 the Massachusetts Highway Commission, in col- 
laboration with the Lawrence Scientific School of Harvard Uni- 
versity, established a road material laboratory at the latter institu- 
tion. Although the testing of paving brick was begun previous 
to this date, this was the first laboratory in the United States 
for testing road materials in a systematic way. The Deval abrasion 
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test was adopted, and tests for determining the cementing power of 
rock dust were first developed here. Since then, laboratories have 
been equipped with appliances for testing road materials at Mary- 
land Geological Survey, Columbia University, Wisconsin Geological 
Survey, Cornell University, the University of California, and the 
Road Material Laboratory of the Department of Agriculture. 

Test of Read Materials in France—In December, 1878, the 
French Commission on national roads decided to introduce cer- 
tain mechanical tests at the laboratory of the School of Roads 
and Bridges, to be conducted in addition to and parallel with 
the road tests. A test, known by the name of its designer as the 
Deval test, for determining the resistance offered by road materials 
to abrasion had already been found to be reliable by the street 
department of the city of Paris in testing the rock used in con- 
tract work and for selecting new quarries. This test having 
proved satisfactory, was accordingly adopted by the commission 
and a laboratory was founded which has steadily increased in 
usefulness. 

Before proceeding with an account of the methods of testing 
at present in use in this country, it will be necessary to consider 
the three chief qualities essential to good road materials. These 
are hardness, toughness and cementing or binding power. Although 
these properties (at least hardness and toughness) have been long 
recognized by those familiar with the subject, yet they have never 
been properly defined, and the terms have been very much con- 
fused. This is not at all surprising, for hardness and toughness 
are closely related. It would be well, therefore, to define these 
materials from the road-maker’s standpoint before going farther. 

Hardness—There is no widely accepted measure of the 
property of hardness. Even in the case of metals, the hardness 
of which has received much study, there are many tests based 
on different conceptions of the term, but all of these tests were 
designed for substances of a homogeneous nature, and are con- 
sequently not at all suited for any of the road materials. Further 
than this, it can be seen that in their conception of hardness some 
of the investigators differ much. All of these methods, as well 
as modifications of them, may be put under two heads: abrasion 
and penetration. 
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Different demands of technology give rise to different defini- 
tions and methods of test; and the method used in any particular 
case must give a measure of the value of a new material for the 
purpose for which it is intended. 

Only one test has yet been devised for determining the hard- 
ness of road materials. This is the Dorrey test of the French 
School of Roads and Bridges, and consists in ‘grinding specimens 
with sand of a standard size and quality. We will understand 
hardness therefore to be the resistance which a material offers 
to the displacement of its particles by friction. The measure of 
hardness will be, inversely, as the loss of weight arising from the 
scoring by an abrasive agent. 

Toughness is understood to mean the power possessed by a 
material to resist fracture under impact. As the surface of a 
road is continually subjected to the pounding of traffic, it can 
be seen that toughness is an important property from the stand- 
point of the road-builder. 

With heterogeneous materials like most of the rocks used 
in road-building, toughness depends on a number of factors; 
among these may be mentioned the interlocking crystals, the 
nature of the crystals themselves, and in some cases on the nature 
of the cementing or binding agent. 

The binding power, or, as it has now come to be called, the 
cementing value of a road material, is the property possessed by 
rock dust or other finely divided material found in nature to 
act as a cement on the coarser fragments composing crushed 
stone or gravel roads. This property varies not only with differ- 
ent kinds of rocks, but also with those which are practically 
identical in classification and chemical composition. The absence 
of cementing value is so pronounced with some varieties of rock 
that they can never be made to compact with the road-roller 
or under traffic. As the binder surface of a macadam or gravel 
road is most exposed to the action of wind and rain, as well as 
the wear and tear of traffic, it can be seen that the presence of 
this property is most essential to good results. The impervious 
shell obtained by the use of a rock of high cementing value gives 
the greatest protection to the foundation of a road. It is a matter 
of common observation that a good surface which binds well is 
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less dusty and less muddy, while the economy is great, as it is 
only the loose unbound material which is ordinarily carried away 
by wind and water. 

In view therefore of the importance of this property, it has 
been made the subject of especial study. It was important to 
know the cause of the cementing value with a view to learning 
if anything could be done to modify the conditions of service. 

From an investigation carried on in the laboratory,* it ap- 
pears that this property is undoubtedly related to that of plasticity 
in clays, and, in a few words, is due to amorphous colloid particles 
which, by reason of their characteristic porous structure, are 
able to absorb water, thereupon assuming a plastic and coherent 
condition. Heating above a certain temperature destroys this 
structure, and the powder no longer possesses the slightest cement- 
ing value. It is hoped that this theoretical investigation will lead 
to important practical developments. 


THE Roap MATERIAL LABORATORY OF THE BUREAU OF 
CHEMISTRY. 


The Road Material Laboratory was established in December, 
1900, in the United States Department of Agriculture. Up to the 
present time about four hundred and fifty samples have been 
reported on, representing a geographical distribution over thirty- 
eight States of the Union, including a number of samples from 
Cuba. 

The aim of this laboratory is to make standard tests on 
road materials, free of charge, for any citizen of the United 
States. In addition to this, allied problems may be presented 
for study, such as the suitability of clays for the manufacture of 
paving bricks, drain tiles, cements, etc.; the testing of cements 
and concretes for road foundations, drains, gutters and highway 
bridges. It is the intention of the Department to aid as far as 
possible in the solution of all the problems of road-building, but 
more particularly with reference to rural highways. It is not, 


* On the Cause of the Cementing Value of Rock Powders and the Plasticity 
of Clays. By Allerton S. Cushman, Jour. Am. Chem. Soc., May, 1903. 
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however, the policy of the Department to undertake scientific 
investigations or tests of materials for manufacturers or others 
who desire to use the information thus acquired to promote 
commercial ends. The tests as at present carried on are as 
follows: 

Abrasion Test.—A modified form of the Deval machine as 
adopted by the French School of Roads and Bridges is used for 
this test. It consists essentially of four cast-iron cylinders, into 
which samples of the rock, broken to a size between 3 and 6 cm., 
are put. Five kilograms are taken for the test. The iron cylinders 
are fastened to a shaft, so that the axis of each cylinder is at an 
angle of 30 degrees with the axis of rotation. The shaft which 
holds the cylinders is supported on bearings and has at one end 
a pulley wheel by which the cylinders are revolved, and at the 
other end a revolution counter. In the test the cylinders revolve 
at the rate of 2000 revolutions per hour for five hours. The 
fragments of stone are thrown from one end of the cylinder to 
the other twice in each revolution. They thus grind and pound 
against one another and against the ends of the cylinder. At 
the end of 10,000 revolutions the contents of the cylinder are 
removed and placed on a 1-16-inch mesh sieve. The sieve and 
the fragments of rock remaining on it are then held under running 
water until all adhering dust is washed off. After the fragments 
have been dried they are weighed and their weight subtracted 
from the original five kilograms taken. The difference obtained 
is the weight of detritus under (1-16 inch) worn off in the test. 
In the French School a standard rock of superior wearing quality 
was always placed in one of the cylinders as a standard of com- 
parison, and the ratio of the weight of the dust under 0.16 cm. of 
the standard rock to that from the rock to be tested was assumed 
to give the relative resistance to abrasion of the two. It was 
found, however, that only the best varieties of rock gave less 
than too grams of powder under 0.16 cm., 7. é., 20 grs. per kilo- 
gram, or 2 per cent. of their weight. The number 20 was therefore 
adopted as a standard of excellence, and the “coefficient of wear” 
for any rock tested was obtained by the following formula: 


20 400 


Coefficient = 20 X w-Ww 
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where W is the weight in grams per kilogram of detritus under 
0.16 cm. This French coefficient has been in use for many years 
and is familiar to road-builders, so it is still determined in this 
laboratory, although many rocks have been found that give a 
result higher than 20, which is the maximum of the French stand- 
ard of excellence. Besides the French coefficient, the percentage 
of material under 0.16 cm. in size is always given. 

Cemeniation Test —The binding and cementing power of rock 
dust is such an important element in road-building that much 
time has been spent in the endeavor to devise a suitable test for 
determining it. Many have been tried, but as yet only an impact 
test, carried on in a uniform manner as described below, has 
given satisfactory results. 

One kilogram of the rock to be tested is broken sufficiently 
small to pass 6 mm., but to be rejected by a 1 mm. mesh screen. 
It is then placed in a ball mill and allowed to grind for two hours 
and a half. This ball mill contains two chilled iron balls which 
weigh 25 pounds each, and is revolved at the rate of 2000 revolu- 
tions per hour. It was found by experiment that two hours and 
a half of grinding on rock thus prepared was sufficient to reduce 
it to a powder that would pass through a 0.25 mm. mesh. The 
dust thus obtained is mixed with water to about the consistency 
of a stiff “dough,” and is kept in a closed jar for twenty-four 
hours. About 25 grams of this “dough” is then placed in a 
cylindrical metal die, 25 mm. in diameter. A closely fitting 
plug, supported by guide-rods, is inserted over the material, 
which is then subjected to a pressure of 100 kilograms per square 
centimeter. It is most important in making these briquettes that 
they should be compressed in a uniform manner, and for this 
a special machine has been designed. The height of the briquette 
should be 25 mm. If the first briquette is) not the right height 
the requisite amount of material is added or subtracted to make 
the height of the next briquette the required 25 mm. Five bri- 
quettes are made from each test sample and are allowed to dry 
twelve hours in air and twelve hours in a steam bath. After 
cooling in a desiccator they are tested by impact in a machine 
especially designed for the purpose. Ina few words, this machine, 
which is built on the pile-driver system, records the number of 
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blows of a 1-kilogram hammer, which falls from a measured 
height upon an intervening flat-ended plunger which rests lightly 
upon the test piece. The height of blow adopted for this test is 
1 cm., and the blow is repeated until failure of the test piece 
occurs. The cementing value is taken as the number of blows 
producing failure.* 

The problem of holding the test piece ‘rigidly under the 
intervening plunger so that it shall not be subjected to lateral 
movements and transverse strains is one which has given much 
difficulty. Until recently a small brass plate with a beveled hole 
slightly larger than the diameter of the briquette was used, but 
it was found that the test piece was often seriously abraded by 
the side thrust developed. Later attempts to secure the briquette 
by various clamping devices were not satisfactory. Finally, the 
method was adopted of placing a drop of thick shellac on the 
bottom of the test piece, which caused it to adhere firmly to the 
bed-plate. Careful attention to such details as these is necessary 
in order to get satisfactory results from this test. 

The original method for molding the briquettes was worked 
out in the laboratory of the Massachusetts Highway Commission 
and differs somewhat from the method as described above. 

In the earlier practice the requisite amount of rock dust to 
make a briquette was weighed out while dry, mixed with 3 to 4 
cubic centimeters of water, and the briquettes immediately molded 
from the wet dust. It is well known to practical road-builders 
that the binding power of many rocks increases as time goes on, 
under the combined influence of water and traffic. This question 
has received a great deal of attention and investigation in this 
laboratory. Experiments have shown that the cementing value 
is increased if the ‘‘dough” made from a rock dust is allowed 
to stand for some time before being molded, and it is still more 
increased if the ‘‘dough” is kneaded. It is of the utmost impor- 
tance that the operations of the test should be conducted under 
uniform conditions. In mixing the dust with water to form the 
“dough” the operator should be trained to knead each specimen 


* For full details of this test, see Bulletin No. 79, Road Material Laboratory, 
Bureau of Chemistry, U. S. Department of Agriculture, 1903. 
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as nearly as possible in the same manner for the same length of 
time. After twenty-four hours’ standing ina closed jar a cement- 
ing value is developed which remains fairly constant. When 
carried out in a uniform manner by a skilled operator this test 
has probably no higher percentage of variation than is found in 
testing the tensile strength of cement briquettes. The test is un- 
doubtedly of the highest comparative value, for it enables us to 
distinguish between good, bad, and indifferent binding materials. 
Test jor Toughness.—This test is made om 25 x 25 mm, rock 
cylinders, with an impact machine especially designed for the 
purpose, similar in principle to the machine used in the cementa- 
tion test. A 2-kilogram hammer is used, and instead of a flat-end 
plunger, a plunger with the lower and bearing surface of spherical 
shape having a radius of tr cm. is used. It can be seen that the 
blow as delivered through a spherical-end plunger approximates 
as nearly as practicable the blows of traffic. Besides this, it 
has the further advantage of not requiring great exactness in get- 
ting the two bearing surfaces of the test piece parallel, as the 
entire load is applied at one point on the upper surface. ‘The test 
consists of a 1 cm. fall of the hammer and an increased fall of 
t cm. for each succeeding blow until failure of the test piece occurs. 
The number of blows required to destroy the test piece is used 
to represent the toughness. <A core-saw, with the cutting edge 
of the drill set with bort, is used in preparing the test pieces. 
Absorption Test—The method used for determining the 
absorptiveness of rock is not intended to give the porosity, but 
merely to obtain the number of pounds of water absorbed by a 
cubic foot of rock in ninety-six hours, determined from small 
samples. A smoothly-worn stone, between 20 and 60 grams in 
weight, which has been through the abrasion test, is used. After 
being weighed in air it is immersed in water and immediately 
re-weighed in water. After ninety-six hours of immersion it is 
again weighed in water. The absorption is obtained by the fol- 


lowing formula: 
—B 


— B’ 
in which A is equal to the weight in air, B the weight in water 
immediately after immersion, C the weight in water after absorp- 


No. of tbs. of water absorbed by a cu. ft. of rock = X 62.5, 
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tion for ninety-six hours, and 62.5 the weight of a cubic foot of 
water. From these weights, the specific gravity and the weight per 
cubic foot of the rocks are determined. 

Specific Gravity and Weight per Cubic Foot.—The specific 
gravity and weight per cubic foot of all rock samples are calcu- 
lated from the same weights used for determining the absorption. 

Hardness —The laboratory is equipped with a Dorry 
machine for testing the hardness of material according to the 
standard methods of the French School of Roads and Bridges. 
Cylinders of rock similar to those used in the toughness test are 
clamped in such a position in this machine that the flat end of 
the cylindrical test piece is pressed with a standard pressure 
against a revolving disc of iron on which a quartz sand of a stand- 
ard degree of fineness, together with a definite quantity of water, 
is continually being fed. The machine is run at a standard rate 
for a given number of revolutions, using at the same time the 
specified amount of sand. The hardness is measured by the loss 
in weight of the test piece. 

Compression and Tensile Strength—The laboratory is 
equipped with a 200,000 universal Riehlé machine. Although 
compression and tensile strength tests do not form part of the 
routine examination of a road material, they are often of the 
highest value in special cases. 

Tests of Paving Brick.—Paving bricks are tested in the 
standard rattler as adopted by the National Brick Manufacturers’ 
Association. 

Classification of Materials—For the classification and naming 
of materials, special modifications of petrographic and chemical 
analysis have been adopted which need not be described here. 


Tue APPLICATION OF LABORATORY RESULTS TO PRACTICE. 


The proper interpretation and application of the results 
obtained in the laboratory are quite as important as the general 
accuracy and appropriateness of the tests themselves. It is prob- 
able that many engineers and others interested in the subject 
of road-building who have only found time to superficially examine 
the question, have completely misunderstood the bearing and 
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value of road-material testing. The necessary qualities of road 
materials must be considered from the double standpoint of fur- 
nishing a strong, tough, well-drained road foundation, and a hard, 
coherent binder surface. 

Given a number of materials for laboratory examination, it 
is not pretended that an actual practical grade of excellence can 
be established: but, on the other hand, where a choice of material 
is available, it is quite possible for the laboratory to point out 
which material should yield the best results both as to immediate 
excellence and length of life under known conditions of climate 
and traffic. Undoubtedly in many cases large sums of money have 
been wasted in building roads from unfit material, which might 
have been saved by reference to the laboratory. If, for instance, 
it is desired to know whether an available rock will be useful as 
a top dressing to form the binder surface, no better method of 
obtaining preliminary information on the subject is known than 
to test the cementing value. Undoubtedly some rocks will yield 
powder which shows very wide variations in the value of succes- 
sive test pieces under the conditions of the test, but there is at 
present no difficulty in distinguishing between good and bad 
material. 

It has already been stated that a road material cannot be 
selected irrespective of the volume and character of the traffic 
and climatic conditions to which it is to be subjected, without 
the risk of failure. When the very great cost, even of rural high- 
ways, is considered, it is evident that it is gross negligence not 
to use every preliminary precaution to guard against expensive 
mistakes. : 

To properly designate the conditions best suited for a par- 
ticular material it soon became evident that traffic had to be 
classified in groups, according to its volume and character. The 
following five groups were, therefore, selected: city, urban, 
suburban, highway, and country road traffic, respectively. City 
traffic is a traffic so great that no macadam road can withstand 
it, and is such as exists on the business streets of large cities. 
For such a traffic, stone and wood blocks, asphalt, brick, or 
some such materials, are necessary. Urban traffic is such as 
exists on city streets which are not subjected to continuous heavy 
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teaming, but which have to withstand very heavy wear and require 
the hardest and toughest macadam rock, or other highly resistant 
material. Suburban traffic is such as is common in the suburbs 
of a city and the main streets of country towns. Highway traffic 
is a traffic equal to that of the main country roads. Country 
road traffic is a traffic equal to that of the less frequented country 
roads. : 

This classification is purely arbitrary, but it serves the pur- 
pose for which it was intended, and each group can be approx- 
imately identified by a road-builder. City traffic requires the 
hardest and toughest materials available of the highest wearing 
qualities. Urban traffic requires such material as asphalt, brick, 
wood-block, bituminous macadam among the manufactured 
materials; and if ordinary macadam is used, a rock of the highest 
hardness, toughness, and wearing quality. 

For a suburban traffic the best rock would be one of high 
toughness, but of less hardness than for urban traffic. For high- 
way traffic a rock of medium hardness and toughness is best. 
For country road traffic it is best to use a comparatively soft 
rock of medium toughness. 

If the best results are desired on a macadam road, that 
rock should be selected which would resist the wear of the 
traffic to which it is subjected only to the degree of supply- 
ing just a sufficient amount of binding material to cement the 
road. Too much or too little wear is alike injurious. The higher 
the cementing value of the rock the smaller the wear neces- 
sary. When a road is first constructed, a sufficient amount of 
binding material must be supplied to cause the road to ‘‘come 
down” under the roller or traffic. If the subsequent traffic is 
not sufficient to wear off the requisite amount of binder to replace 
that carried off by wind and rain the road “ravels.” If the 
traffic wears off an excess of binding material, mud, and dust 
follows. In either case the material is not well suited to the con- 
ditions. In the first case a softer rock should be used; in the 
latter, a harder, tougher rock, and in all cases a rock of high 
binding power. As an illustration of this, if a country road or 
a city parkway, where only light traffic prevails, were built of 
a very hard and tough rock with a high cementing value, neither 
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the best, nor, if a softer rock were available, the cheapest results 
would be obtained. Such a rock would so effectively resist the 
wear of a light traffic that the amount of fine dust worn off would 
be carried away by wind and rain faster than it would be supplied 
by wear. Consequently, the binder supplied by wear would be 
insufficient, and if not supplied from some other source the road 
would soon go to pieces. The first cost of such a rock would be 
in most instances greater than that of a softer one, and the neces- 
sary repairs resulting from its use would also be very expensive. 

Rocks belonging to the same species and having the same 
name, such as traps, granites, quartzites, etc., vary almost as 
much in different localities in their physical properties as they 
do from rocks of distinct species. It is impossible, therefore, to 
classify rocks for road-building by simply giving their specific 
names. It can be said, however, that certain species of rock 
possess a tendency toward certain properties. For instance, 
the trap* rocks as a class are hard and tough and usually have 
binding power, and consequently stand heavy traffic well; for 
this reason they are frequently spoken of as the best rocks for 
road-building. This, however, is not always true, for numer- 
ous examples can be shown where trap rock having the above 
properties in the highest degree has failed to give good results 
on light traffic roads. The reason trap rock has gained so much 
favor with road-~builders is because a large majority of macadam 
roads in our country are built to stand an urban traffic, and the 
traps stand such a traffic better than any other single class of 
rocks. There are, however, other rocks that will stand an urban 
traffic perfectly well, and there are traps that are not sufficiently 
hard and tough for a suburban or highway traffic. The granites 
are generally brittle, and many of them do not bind well, but 
there are some which when used under proper conditions make 
excellent roads. The felsites are usually very hard and brittle 


* This term is derived from the Swedish word érappa, meaning steps, and was 
originally applied to crystallized basalts of the coast of Sweden, which much re- 
semble steps In appearance. As now used by road-builders, it embraces a lange 
variety of igneous rocks, chiefly those of fine crystalline structure and of dark-blue, 
gray, and green colors. They are generally diabases, diorites, trachytes, and 
basalts. 
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and may have excellent binding power, some varieties being suit- 
able for the heaviest macadam traffic. Limestones vary greatly, 
but generally bind well, are soft, and frequently improve under 
traffic. Quartzites are almost always very hard, brittle, and 
have very low binding power. The slates are usually soft, brittle 
and lack binding power. 

Those who are familiar with the problems of rural road- 
building know the great difficulty of selecting among the ma- 
terials available for a particular road the one which will give the 
best results for the least cost of construction and maintenance. 
There are, undoubtedly, practical road-builders whose judgment 
on the road-making quality of a rock is excellent. But experi- 
ence with materials of construction in general has proved that 
it is wise and economical to test the physical properties of material 
before entering on the expenditure of large sums of money. Co- 
operation among the increasing number of laboratories in the 
country is much needed, and standard methods of testing should 
be adopted. Bridge-building would not have become the high art 
that it has had not the careful and systematic testing of materials 
put into the hands of the engineer preliminary data on which to 
base his calculations and estimates. It is hoped that before long 
intelligent co-operation will create the same conditions in road- 
building. 
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Mr. Johnson. 


DISCUSSION. 


GEORGE F.Swarn.—I have listened with agreat deal of interest 
to this paper, and I think the Society is greatly indebted to Mr. 
Cushman for presenting it. I wish to make one correction to his 
historic remarks. I understood him to say the first laboratory 
work in connection with testing road materials was done in 1893 
in connection with the Lawrence Scientific School, and I wish to 
say that in 1890 the Massachusetts Institute of Technology 
installed some apparatus for testing road materials, including a 
foundry rattler and a machine for testing hardness and wearing 
qualities. 

L. W. Pacr.—I am responsible for that statement. I am 
sorry that I never heard of these tests before, and am surprised, 
as I have many times visited this laboratory. I have never seen 
any of the apparatus used and am sure nothing has been written 
on the subject. Were any tests ever made? Of course, 1 am 
willing to make the correction, on Professor Swain’s statement. 

Mr. Swain.—Yes, sir; thesis work on the subject was done 
by the students. I am sure that this apparatus was installed 
previous to 1893, and the writer of the paper could have seen the 
apparatus on his visits to the Institute. 

A. N. Jounson.—Our laboratory at the Maryland Geological 
Survey, at the Johns Hopkins University, was the second to take 
up the systematic testing of macadum materials. To my mind, 
the most important point brought out by the paper of Mr. Cushman 
and Mr. Page is the necessity for standardizing the cementation 
test of rock dust. We had no sooner undertaken this work than 
we very soon found out that it was difficult to duplicate our own 
results, and that there was a wide difference between the results 
of our laboratory and those of the Massachusetts Highway Com- 
mission. We made a comparison of the work by testing bri- 
quettes at each laboratory, made from dust prepared at both of 
the laboratories, and found there was a variation of nearly 75 per 
cent. in the briquettes which were made from dust sifted at the 
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different laboratories. With briquettes made at one laboratory 
but tested at the other a fairly close agreement in the results was 
obtained. ‘This led us to believe that the great variation before 
noted was due to the difference in the screens whereby different 
sized particles of dust would be used in making the briquettes. 

We had supposed that we were using the same mesh screen 
as the Massachusetts laboratory, but a careful examination showed 
that there was a considerable difference, and a microscopic exam- 
ination of the dust showed that there was sufficient difference in 
the screens to give much larger particles in one case than in the 
other. I understand that some of the other laboratories that have 
taken up this work have experienced a similar difficulty. With 
the abrasion tests, however, there is no trouble to duplicate results 
from the same material. 


Mr, Johnson, 


A PRELIMINARY PROGRAM FOR THE TIMBER TEST 
WORK TO BE UNDERTAKEN BY THE BUREAU OF 
FORESTRY, UNITED STATES DEPARTMENT 
OF AGRICULTURE. 


By W. K. Hatt. 
GENERAL. 


Prejaiory Note-—The speaker, who is on the staff of the 
Bureau of Forestry assisting in the work of organization of the 
projected investigation of the mechanical properties of timber, 
has been asked to represent the Bureau in the discussion of the 
subject, ““A Preliminary Program for the Timber Test Work to 
Be Undertaken by the Bureau of Forestry, United States Depart- 
ment of Agriculture,” before the American Society for Testing 
Materials. , 

The subject has been discussed in its general relations by the 
speaker before the American Society of Civil Engineers at the 
annual convention held at Asheville, N. C., June g to 12, 1903. 
The proposed methods are here presented more in detail than in 
the discussion referred to. 

Need and Use of Tests—The Bureau of Forestry has sent 
out a preliminary circular to many engineers and others interested 
in the utilization of timber in order to determine the need of future 
tests and to formulate a plan of procedure. After the content of 
the investigation and general plan is determined in its general 
features by such correspondence and preliminary discussion, it 
is the intention to perfect the arrangement and details of this plan 
and submit it, involving methods of measurement and experiment, 
to experts for a record of agreement or disagreement with the 
proposed methods of test. 

The results of the preliminary canvass of those interested in 
the utilization of timber will be published in due time. The replies 
to the circular make evident the fact that, far from the belief that 
the problems connected with timber are not serious because of a 
partial and growing replacement of timber by other material, there 
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is a lively appreciation of the importance of a continuous organized 
study of methods which will economize the use of timber, lengthen 
its life, and develop the supply by conservative forest management. 
The determination of the strength values of timber is only a minor 
part of the general need. In view of the variability of the product, 
the details of testing operations are considered by many to be of 
minor importance. f 

Such useful lines of work as the following have been sug- 
gested: 

The need of proper determination of the strength of the 
Pacific Coast woods, fir, spruce, hemlock, and the Eastern spruce 
and hemlock, which will form the future supply of structural 
timber, is suggested from many quarters. The determination 
of the mechanical properties of the various hard woods which 
probably will form substitutes for hickory and white oak in car- 
riage construction is a matter of importance. 

The majority of engineers would be more satisfied with the 
results of tests of the timber that is actually supplied to the market 
by the saw-mills (timber of prime quality, average quality, mer- 
chantable, square-edged, etc., as modified by the forms and pro- 
portion of sticks and by various degrees of seasoning) than by 
tests conducted on timber collected from the forest and sawed up 
at the order of the engineer of tests in order to obtain a solution 
of the various problems which confront the botanist and forester. 
One prominent user of timber insists that the quotation of the 
strength of timbers should be made with reference to the size and 
lengths of sticks, as in his experience the unit values to be used 
in design should be much smaller as the sticks become larger. 
The degree to which the values obtained from tests on new material 
are to be reduced by the inevitable decay which results from their 
use, is another matter which has been suggested. 

The need also is pointed out of uniform standard rules 
of inspection and grading, involving the determination of the 
value of the reducing factors due to knots, crooked grain, and 
sap. A useful work is suggested in the presentation of photo- 
graphs, etc., of the appearance of sawed lumber of different 
species. 

Shippers demand a determination of the average weight of 
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different species of timber at different degrees of seasoning as a 
basis of computation of freight charges. 

All unite in the expression of the usefulness of an investiga- 
tion of the proper methods of preserving and the most advan- 
tageous species to be employed in cases where the timber is to 
be preserved. Questions of the relative life to be expected under 
different exposures of treated lumber and the question of the 
strength of such treated lumber, are also matters of importance 
to many. The proper methods of seasoning, or hastening the 
seasoning process, of both hard and soft woods, is a matter which 
might be investigated with great profit. 

From the standpoint of the forester, the effect of forest con- 
ditions upon the strength of timber is of scientific and practical 
interest. Such problems as the relative strength of swamp and 
highland hard woods, first and second growth timbers, etc., sug- 
gest themselves, and a demonstration of the appropriate uses of 
these inferior timbers, as for instance second-growth loblolly 
pine, which at present are left uncut in the forest, and which 
improperly influence the future character of the forest, will be of 
use to the forester. 

The relation between the microscopic structure, as length 
and connection of fiber, and the mechanical properties, is an 
attractive field of research. 

It is evident that the subject of timber investigation is a 
formidable problem to attack. The ideal procedure would in- 
volve laying out a systematic program in advance, including all 
the problems, so that one part of the field may be covered at one 
time and the results afterward may fit the general scheme. This 
plan would, of course, involve testing timber as found in the forest 
in which all the conditions are known. And yet, while this is 
true, the speaker agrees with those who believe that the most 
direct method of getting unit strength values for the engineer is 
to test timbers in actual sizes as found upon the market. There 
is some waste of time and duplication of work in this manner of 
procedure from the standpoint of the complete investigation of 
all problems, but the usefulness of the results to the parties for 
whom the tests are designed will practically be much greater than 
by any other method of procedure. The progress of knowledge 
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derived from experiment will thus take place in the same manner 
as that of other materials. In no case has the entire subject been 
cleared up in a single investigation, however ideal that procedure 
might be. In all cases care should be taken to determine the 
species of timber under test and to ascertain the region of growth. 
The weight, rate of growth, as shown by annual rings and defects, 
can be made a matter of record. A complete study of species 
would, of course, involve the examination of the entire tree as 
cut in the forest. 

These remarks upon the usefulness of timber as obtained 
on the market apply to the problem of the determination of unit 
values for the engineer. 

In general it may be said that our present knowledge of the 
average mechanical properties of the common species of -struc- 
tural timber is fairly complete, so far as such values may be based 
on small sticks. The reduction which must be made in case of 
large timbers of the different merchantable grades and the manner 
in which these values are affected by forest conditions are matters 
at present largely unknown. The effect of moisture on the mechan- 
ical properties of wood fiber has been well determined, but the 
proper reducing factors for the effect of moisture in case of large 
sticks are not determined. Nor are the moisture contents of 
market timber well known. It is fairly well established that in 
woods of uniform structure the strength increases with the specific 
weight. The relations between the mechanical properties of any 
species are only partially established. The variation of physical 
and mechanical properties with position in the trunk is well estab- 
lished in the case of Southern pines. 

Organization—The organization of the timber tests pre- 
supposes a central laboratory at Washington, D. C., directed by 
the Bureau of Forestry, and other testing stations at such points 
as the Pacific Coast, the Mississippi Valley hardwood center, and 
the North Atlantic region. These testing stations will be under 
the direction and inspection of the central laboratory, to which 
copies of all data taken will be sent. All tests will be made under 
uniform methods prescribed in advance. At each testing station 
there will be a resident engineer with proper assistants to carry 
on the work. The timber for tests will be selected by the engineer, 
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acting in conjunction with a dendrologist and an experienced 
inspector. 

Publication.—In the publications, the results of tests on indi- 
vidual sticks will in all cases be quoted and the data presented 
in such a way that the user can determine the range of results 
from which averages are obtained. The data will be marshaled 
in the form of tables to suit the requirements of users. 

Series Proposed.—To summarize the work as planned at 
present, it may be said that the following series are under con- 
sideration: 

Tests to determine properties of structural timber. 

Series A: Tests of the mechanical and physical properties of 
market products.—Material will be actual sizes and grades of com- 
mercial products. The purpose is to determine moduli for design; 
to determine the value of woods now considered inferior; to deter- 
mine the liability to knots and the reducing factors due to these; 
to arrange a table of standard weights and rules of inspection and 
grading. Partly to compare the properties of species from different 
regions. In case of any given species to determine the relative 
mechanical value of the wood of various kinds of grain and rates 
of growth. 

Tests to determine the effects of variations in the testing process. 

Series B.—Effect of rate of application of load, including 
impact tests. 

Series C.—Effect of moisture. 

Studies of the effect and ejficiency of technological processes. 

Series D.—Preservatives. 

Series E.—Methods of seasoning. 

Series F.—Fire retardants. 

For juture disposal. 

Series G.—Effect of forest conditions. 

The tests at present under operation under Series A include 
tests on the Pacific Coast red fir and hemlock, the North Carolina 
second-growth loblolly pine, long-leaf pine. An investigation of 
the mechanical properties of the Southern gums, and Series B 
and C, are under way. Efforts at present are being directed to 
engaging the co-operation of the various persons interested in the 
outlining of a scheme for the investigation of Series D. As yet the 
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latter series has not been planned. No definite plan of attack 
has as yet been prepared for the remaining series, E, F and G. 


DISCUSSION OF Factors AFFECTING TESTING PROCESS. 


(a) Variations in Quality and Imbperfections.—It is the com- 
mon belief that tests on small sticks do not; yield unit values 
applicable to large sticks. It is supposed that the small pieces 
selected for test are unavoidably of a better average character 
than large sticks; very often these small pieces are clear and 
straight-grained. Experimental evidence seems to show that the 
results of tests by those who test large sticks are lower than the 
results obtained by those who have experimented on smaller 
sections. 

It seems reasonable to suppose that the modulus of elasticity 
and the elastic strength of identical material should not be affected 
by the size of the specimen, provided that the ratio of depth of 
beam to span be great enough to eliminate the effect of shear. 
We know, however, that two pieces of wood are far from identical. 
Yet, in spite of this heterogeneous character of timber, small and 
large sticks may yield equal moduli, for the reason that the effect 
of a knot of a given size is more serious in a small stick than in 
a large stick. And this consideration may explain the fact that, 
although timber in small sizes is usually more free from knots and 
other defects than timber of large sizes, the comparison of results 
of tests of a large stick with a number of tests on small sticks 
cut from the same large stick shows that there is no significant 
difference in the average unit values from the large and small 
sticks. This is what the former Government timber tests have 
shown. 

What the designer wishes to know, however, is the most 
probable strength of the different sizes of timber and different 
grades of timber that he is compelled to purchase on the market, 
as, for instance, the different grades of car sills, stringers and 
carriage material; their moduli of elasticity under bending, for 
the stiffness of a beam rather than the strength often determines 
its size, the manner of failure, whether in fiber stress or horizontal 
shear. It seems to the speaker that this knowledge can only be 
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reached through a direct test of the actual market timbers, whose 
qualities are determined by the saw-mill. A given log is cut in 
such a way as to furnish the desired products to the best advantage. 
It is less likely that logs sawed up under the direction of the engi- 
neer of tests will yield results comparable with these commercial 
products. The relation of the strength of large sticks to the small 
sticks cut from them does not necessarily agree, for instance, 
with the relation of the quality of a railway stringer and a car 
sill, both of first-grade merchantable, cut from a given log. 

Useful information will be presented by the proposed method 
of photographing the sticks tested, so that the effect of different 
kinds of knots and the position of these upon the strength of the 
different kinds of test pieces may be determined by the individual 
who examines the reports. In the publication of results of tests, 
analyses should be presented to determine in some quantitative 
measure the reduction of the moduli due io the effects of knots, 
shakes, and crooked grain. Information will also be available con- 
cerning the liability of various species to these defects. The 
former Government publications relating to timber tests have 
been criticised because no record was made of the quality of 
the sticks. This criticism will be met in the future by the pub- 
lication of photographs of the sticks, showing the grain and 
defects, and a quotation of the market grade of the stick. Tests 
are now under operation, and will be continued, on sticks of 
various sizes and grades as purchased on the market. 

(b) Number of Tests to Be Made and Sizes to Test.—The 
number of tests depends on the uniformity in the timber of each 
species and upon the end in view. [If it is desired to obtain unit 
values of the strength of red fir stringers, for example, it would 
be necessary to test, say, twenty stringers of the first grade mer- 
chantable red fir, and the same number of/second grade mer- 
chantable; fifteen select stringers and twelve clear stringers. 
This should be repeated in case of three markets. 

If it is desired to study the effect of forest conditions on the 
strength of the fiber, or the effect of variations in the testing 
process, the timber selected should contain as few variables as 
possible, and the number of tests would naturally be arranged 
to correspond with the quality of timber obtainable. In case 
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of these scientific tests, in which the sizes must be chosen so as 
to eliminate, as far as possible, other variables than the one 
under examination, it will be necessary to use sizes of timber 
3 inches by 3 inches in cross-section or thereabouts, and five tests 
are to be used for average value. 

The method of selecting test pieces to determine the average 
quality of any tree as compared with another tree has not yet 
been determined. 

In case of tests for the purpose of obtaining unit strength 
values, actual sizes should in all cases be tested, as, for instance, 
car-sill sizes, stringer sizes, roof-truss sizes, carriage stock, columns, 
floor beams, etc. The appropriate sizes would be quite different 
in the cases of red fir and hickory. 

(c) Rate of Loading.—At present it is known that the rate 
of application of the load exercises a very important influence 
upon the shape of the load-deflection diagram, particularly at 
the loads just preceding rupture. It is known also, that the 
deflections under the ordinary quickly applied load in a test, 
are only one-half of those resulting from the continued applica- 
tion of the same load. The quantitative relations are not well 
determined, and a further study is imperative. This study has 
been planned as follows in Appendix I. At present the rate of 
loading used is such as to cause an increase in fiber stress of about 
500 pounds per square inch per minute. 

(d) Moistwre——The method of determining the moisture 
contents of the sticks under test, and the use to be made of such 
moisture determinations in reducing the moduli to a common 
basis of moisture, are matters that excite a great deal of discus- 
sion on the part of operators of tests. A series of tests should 
be made to determine the proper reducing factors in the case 
of large timbers as between the green and dried states. While 
the results of tests on small-sized specimens show that the strength 
of dry timber is nearly twice that of green timber, it is probable 
that in many cases no such increase is to be expected on account 
of the diminution of the shearing strength due to the checking 
action arising during the drying-out process. An investigation 
will be made to determine the relation between the different 
methods of determining moisture in wood and the disturbance 
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of results due to the presence of volatile oils in the material under 
examination. 

The tests will, in general, be made on green timber, and for 
this purpose it will be necessary in some cases to bring the sticks 
artificially to the degree of moisture corresponding to the green 
state. A sufficient number of sticks will also be tested, after a 
thorough drying out, to determine the relation between the values 
in the green state and the dry state. This information, together 
with the knowledge of the scientific law governing the relation 
between moisture and strength, unaffected by defects of checking 
or unequal moisture distribution in beams, will be sufficient to 
enable the designer to decide upon the reducing factors appropriate 
to the conditions of service under which the timber is to be used. 
This condition of service involves usually either entirely dry timber 
or timber approximately green. 

In all cases, however, the moisture content of the timber will 
be determined by cutting out discs about ? inch thick from the 
section of the beam near rupture and at a quarter point, and 
drying these discs in an oven at a temperature of 100° C., or else 
80° C. This method will determine the necessary empirical 
reducing factors, and has the further merit that the degree of 
seasoning of any particular timber can be easily determined by 
any engineer. 

While the variation of moisture throughout the cross-section 
is very great in air-dried timber, the variation throughout the 
length of a beam is small (except near ends). In a series of tests 
of thirty-five “air-dried” red fir beams (16 feet long, 5 inches by 8 
inches cross-section) with an average per cent. of moisture of 26 as 
determined by drying out discs 1 inch thick taken at center and 
one-quarter points of span, the average variation in moisture of 
these discs was about 1.35 per cent. This difference of per cent. 
of moisture exceeded 2 eight times; exceeded 1 seventeen times. 
The maximum difference was 7.4 per cent., and the minimum was 
© per cent. 

Another series of moisture determinations on discs 1? inches 
thick from eleven 12-inch by 16-inch beams of “air-dried” long- 
leaf pine with a moisture of 30.8 per cent. showed an average 
variation of moisture between the quarter point and center 
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of o.9 per cent. absolute, maximum 2.2 per cent., minimum 0.0 
per cent. 

Information will also be procured as to the degree of seasoning 
to be expected in timber as found on the market. A great deal 
of timber sold as air dried in the yards is only dry on the surface 
and is practically green in the interior portions. Account of 
proposed methods in detail is furnished below ‘in Appendix II. 


QUANTITIES AND PROPERTIES TO BE MEASURED. 


Some or all of the following properties will be measured, as 
is appropriate to the use of the species: 
Mechanical properties of species: 
1. Strength. 
. Stiffness. 
. Resilience. 
. Hardness. 
. Brittleness. 
. Penetration of definite-sized punch. 
. Abrasive qualities. 
. Turning qualities. 
g. Weight per cubic foot. 
Physical properties: 
1. Shrinkage and swelling, absorptiveness. 
2. Identification by structure. 
3. Identification by appearance of sawed lumber. 


Cow Am PW DN 


The above mechanical and physical properties have partly 
been determined in the former U. S. Government timber investi- 
gations. The properties of brittleness and penetration under 
pressure will be investigated by proper tests. The abrasive qualities 
have a bearing in the use of wood for paving blocks. The turning 
qualities under a tool in the lathe must be known in many circum- 
stances. Under the physical properties, the shrinkage is important 
from the point of view of the manufacturer. The ability to absorb 
liquids is important in consideration of preservation. Engineers 
would be glad to be able to determine the species of sawed timber 
from its appearance in the lumber yard. 
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There is at present no standard table of weights of lumber 
for use in settling disputes between manufacturers and transpor- 
tation companies, and an endeavor to formulate such a table will 
be made. 


KiInpbs oF TESTS. 


The kinds of tests to be made in determining these properties 
cited will include a part or all of the following: 

Bending.—Fiber stress at elastic limit; modulus of rupture; 
modulus of elasticity; modulus of elastic resilience; modulus of 
ultimate resilience; calculated horizontal shear at rupture. 

Crushing.—End of grain: strength, modulus of elasticity; 
side of grain: yield point; maximum strength. 

Shearing.—Radial, transverse. 

Torsion. 

Column Tests. 

Hardness. 

Abrasion Test. 

Turning Test. 

Impact Test. 

Shrinkage Test. 

Absorption Test. 


METHOD OF TEST. 


Outline of Proposed Methods in Detail.—The following is an 
outline of the methods at present proposed by the Bureau: 

Tests on Market Timber. 

1. Timber selected, dressed on four sides, and ends squared, 
described, and given a serial number. A disc to be examined for 
amount and distribution of moisture. If timber is not green, it 
is to be brought to a degree of moisture corresponding to green 
state. If it is to be tested in air-dry or kiln-dry state, it is to be 
set aside and brought to that state. 

2. Timber delivered and photographed. 

3. Timber measured and weighed. 

4. Timber tested according to method for testing large beams, 
as given below. 


—S YT". 
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5. Fracture photographed. 

6. Discs cut from region of rupture and from one-quarter 
point for determining moisture and volatile oils. 

7. Pieces cut for minor tests arid their locations in stick 
recorded. 

8. These small pieces photographed, measured, tested, and 
then moisture determined. 

(a) Bending Tests—The points of controversy in relation to 
this test are: 

1. Method of loading. 

2. Method of support. 

3. Speed of loading. 

4. Location of yield point. 

1. Method of Loading.—The measurement for deflections is 
most simple when the load is applied at the center of beam. 
On the other hand, a larger portion of the stick is brought under 
the maximum stress when the load is applied at two points. In 
the latter case, however, a longer beam is necessary in order to 
yield the proper ratio between depth and span, and for the deter- 
mination of the modulus of elasticity. In the writer’s opinion, 
the simplest method is to apply the load in the center and compute 
the fiber stress at the point of failure. 

2. Method oj Support.—Provision should be made for bearing 
surfaces to prevent local crushing. The center bearing block 
should be curved longitudinally so as to prevent damaging the 
beam at edge of block. 

. Speed of Loading and Measurement of Deflection.—In 
an machines with rigid heads, it is sufficiently accurate to 
measure deflection on one side of beam. Loads should be applied 
continuously at a fixed speed, and the deflections read “on the 
run.” These deflections may be read from a scale fixed to the 
side of the beam at the center by means of a steel wire attached 
to points on the neutral axis directly over the supports and kept 
taut with a spring. A hand-glass may be used and the deflections 
read to 0.01 inch, which represents sufficient accuracy in view of 
the large deflection measured and the variability of the product. 
Another method allows the load to be applied some seconds before 
reading deflections. This involves a variability which may be 
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avoided by the first method. A separate investigation may be 
made to determine how the results from continuously increasing 
loads should be modified to apply to fixed loads (see Appendix I.). 

4. Location of Yield Point, or Elastic Limit—There is no 
doubt that there is a point on the load deformation diagram that 
indicates an increase in deformation sufficiently marked to be of 
value as a basis of quotation of the yield point. This should be 
the point against which factors of safety may be fixed. In case 
of some sticks, this location of the point is a matter of judgment. 

This exercise of judgment also exists in case of tests of steel, 
but to a less extent. It was avoided in the former Government 
timber tests by the location of an arbitrary point called the apparent 
elastic limit. This limit was the point of tangency of a line drawn 
with a slope 50 per cent. greater than the slope of the load-deflec- 
tion diagram at the origin. 

In order to connect the former Government tests with the 
future tests these two points will be measured: 

1. The yield point. 
2. The ‘“‘apparent elastic limit.” 

Procedure in Large Beam Tests. 

1. Measure dimensions of beam and weigh; the weight per 
cubic foot and specific gravity to be computed for these measure- 
ments combined with moisture determinations. 

2. Balance beam of testing machine at zero while timber rests 
on platform. Load, as a rule, to be applied at center. 

3. A rate of increase of load will be decided on. Unless 
reasons to the contrary appear, the speed of application of load 
will be such as to cause an increase of 500 pounds per square 
inch fiber stress per minute. The beam to be kept floating beyond 
the yield point; maximum load to be recorded. Suitable bearing 
blocks are to be used to prevent local crushing of timber. Such 
blocks and small tools are to be furnished by the Washington 
laboratory to other testing stations in order to insure uniformity. 
Loads are to be applied continuously and deflections read by scale 
and wire on one side of beam. 

4. Trace cracks and describe nature of rupture. 

5. Mark out and stamp the sticks to be taken from beam 


for minor tests. 
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6. Remove beam from machine and photograph. 

7. Cut discs for moisture and volatile oil determinations; 
also pieces for minor tests. 

(b) Determination of Moisture-—To be determined from three 
discs cut from region of rupture and one from quarter point. In 
most cases of green and air-dried sticks, the difference in moisture 
between center and one-quarter point will not be great enough to 
demand a disc from the quarter point. The kiln should be a 
well-ventilated, double-walled kiln. 

From region of rupture, three discs, No. 1, $; No. 2, 3; and 
No. 3, ? inch thick, respectively. These first two are to be used 
in determining the moisture by kiln-drying, as directed below. 
For the present the third disc is to be tested for volatile oils. 
The second disc is also to be tested for volatile oils after having 
been dried out in the kiln. The difference in volatile oils between 
discs 2 and 3 will indicate the amount of volatile oil driven off 
from disc No. 2 in kiln, and this amount of volatile oil is to be sub- 
tracted from the loss in kiln from disc No. 2, in order to determine 
the net moisture. A comparison of tests on discs Nos. 1 and 
2 will determine the effect of the saw in driving off moisture 
from discs. The present indications are that the effect of volatile 
oils in disturbing the moisture determination is so slight that the 
volatile oil driven off may be neglected. A moisture determination 
in the dry kiln is to be made on a #-inch disc from one of the 
quarter points. 

Method for Moisture Determinations. 

1. Weigh disc. 

2. Put disc in hot-air bath at 1oo° C., and dry until no 
greater difference of weight than o. 5 Pe cent. of the dry weight 
remains to be determined. 

3. Remove and cool in desiccator. 

4. Weigh. 

5. Determine per cent. of moisture with reference to dry 
weight. 

Method for Volatile Oil Determinations.—In the determination 
of volatile oils the disc to be analyzed is first reduced to shavings 
(at present this is done with a plane), quartered, and from 300 


to 350 grams carefully weighed out and placed in a tubular brass 
21 
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retort suitably mounted and at a slight angle. This operation is 
performed as quickly as possible in order to prevent loss of moisture 
in the shavings. The retort consists in a steam-jacketed brass 
tube (30 inches in length by 3 inches in diameter) fitted at each 
end with a screw cap, through the center of which passes a brass 
tube (5 inches in length by } inch in diameter). The weighed 
shavings having been placed in this retort, steam is passed through 
the jacket by means of suitable openings. Through the upper 
end of the retort a current of steam from an ordinary steam- 
generating flask is passed, the lower end being connected with 
a condenser. This operation is carried on until all of the volatile 
oils together with the steam have been condensed and collected 
in a burette. The volatile oils are then separated from the ether, 
carefully weighed, and the percentage in relation to the weight 
of the shavings found. 

(¢) Crushing Test. 

Along the grain. 

1. Cut full-sized test pieces from uninjured ends of beams, 
length to be four diameters. 

2. Square ends by saw, measure dimensions, locate knots 
and defects, and rings per inch. 

3. Weigh. 

4. Apply load continuously at rate of 1-32 inch per minute, 
and read amount of deflection corresponding to loads on two 
deflectometers placed on two opposite sides of discs until failure 
occurs. 

5. Describe character of failure. 

6. Determine moisture in test piece by disc method. 

7. Compute modulus of elasticity and crushing strength across 
grain. 

Across the Grain. 

Meihod of Making Cross-crushing Tests. —The Paina Us. 
Government tests were made on sticks of definite section and the 
results gave the load which caused a compression of 3 and 15 
per cent., respectively. These results have little significance for 
other sizes of timber. The method planned will be to apply loads 
in increments across the stick and measure the accompanying 
deflections of the piece in order to determine the load at the yield 
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point of the timber under this load. The maximum load, if any, 
will be recorded. These tests will be supplemented by what may 
be termed penetration tests, in which the load required to bring 
about the penetration of a punch of given area to a given depth 
will be determined. 

1. Use full-size piece from uninjured portion of beam, length 
to be sufficient to prevent failure by shear along grain. 

2. Measure dimensions, locate knots and defects, and rings 
per inch. 

3. Weigh. 

4. Apply load in full width of block, and along four inches 
of length. Read loads and deflections with reference to base 
until failure occurs. 

5. Describe character of failure. 

6. Determine moisture by disc method. 

7. Compute crushing strength per square inch of surface at 
yield point and at maximum load, if any. 

(d) Shearing Test.—Various methods of determining the 
shearing strength have been used. The difficulty is to obtain a 
pure shear unaccompanied by splitting of the test piece due to 
bending. This difficulty is often met in case of double shear 
under tension test. The test piece and method of test are more 
simple in compression than in tension. Compression tests can 
apparently only be applied properly for the determination of single 
shear. The latter is more satisfactory in that the failure occurs 
on only one surface and the exact stress may be determined. The 
shearing tests are being made in compression in single shear by 
a machine designed for that purpose. The values obtained by 
shearing tests on small pieces should be modified by the results 
of the tests on large beams, for which the shearing stress at the 
neutral axis should be calculated. 

1. Select four test pieces from one cross-section of stick to 
yield the radial and tangential shearing strength, for close-ringed 
and wide-ringed timber. These test pieces consist of blocks 
3 x 34 x 14 inches, with a projecting bead, of dimensions 2 x 34 
x # inches, which is to be sheared off. The grain of the wood 
must be parallel to the direction of the projecting bead, which 
may be slightly undercut. 


Ser 


324 Hatr oN Trtser TEsts. 


(e) Column. Test. 

t. As in bending test. 

2. Loads to be applied continuously and the sidewise defiec- 
tions measured on two adjacent sides. The ends of the column 
shall rest directly against the heads of the machine. 

3. Describe rupture. 

4. Photograph beam. 

5. Cut discs for moisture and volatile oil determinations. 

(7) Impact Tests—In determining the relative brittleness of — 
different timbers, test pieces in compression and bending will be 
used. In case of compression tests, the test piece, 3 x 3 x 6 inches, 
will receive blows of increasing height, and the height of blow 
at which definite failure occurs will be noted. The indication of 
failure will be the wrinkling of the surface due to the initiation 
of a shear. In the bending test, the energy of a single blow 
required to rupture a stick 3 x 3 x 36 inches will be measured, 
and also the height of blow required to produce a set of speci- 
fied amount. These measurements will be made on a revolving 
drum which receives a record from a pencil attached to the 
hammer. A machine is under construction for this purpose, 
modified from an impact machine in use at Purdue University. 

(g) Torsion Test-—The torsion test will be made on hard 
woods to develop those qualities of fiber, possessed to a great 
degree by hickory, which allow a wood to undergo large defor- 
mations throughout a great length of specimen without rupture. 
Test pieces will be about 1} inches in diameter and 36 inches 
long. Loads will be applied continuously, and the corresponding 
deformations read. The modulus of elasticity in shear and the 
torsional strength will be computed. 

(hk) Hardness Test—An investigation will be made to deter- 
mine appropriate methods of test. The method contemplated 
involves a measurement of the width of scratch made by a 
prescribed tool under a prescribed pressure. 

() Abrasion Test—The Dorry abrasion machine will be used. 
In the machine, blocks of wood are held against a revolving table, 
and abraded by the action of a powder. 

(j) Turning Qualities—Determined by actual operations. 
Result photographed. 
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(k) Shrinkage Test—The specimen selected is 3 x 3 xX 12 
inches, with sides parallel to radial and transverse direction of 
trunk, and length parallel to fiber. The deformations will be 
measured during the change from the green to the dry state by 
the change of position of reference marks on brass nails driven 
in the wood. 

(1) Test of Absorptiveness—The amount of various liquids 
which timber will absorb has a bearing on the problem of pre- 
servatives, and will be measured by immersion of dry specimens. 


APPENDIX I. 


METHOD OF DETERMINING THE EFFECT OF THE RATE OF 
APPLICATION OF LOAD ON THE STRENGTH OF TIMBER. 


(SLIGHTLY MODIFIED FROM A SCHEME PROPOSED BY THE LATE J. B. JOHNSON.) 


Material—aA thoroughly seasoned plank of a given species 
of timber about 3 inches thick is cut up into sticks about 3 inches 
square for the full length of the plank. The plank should have 
a straight grain parallel with the sides of the stick, and the same 
annual rings should be continuous throughout the length of .the 
stick. The sticks cut from the plank should be dressed down 
to about 24 inches square, and divided into lengths of about 
4 inches. Each test piece should be given its distinctive mark. 
The test specimens should be truly dressed, and in order that 
they may not change their moisture conditions with the changing 
conditions of the atmosphere, they should all be given two coats 
of shellac varnish. The test pieces having odd numbers ought 
to be subjected to an ordinary quick test, and those having even 
numbers ought to be subjected to the “time test.” 

Method of Test--The odd-numbered specimens should be 
tested in a screw machine with a bearing plate adjustable by a 
spherical bearing. The rate of deformation should be uniform, 
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so that the maximum strength is reached in about one minute 
of time. The strength in pounds per square inch should be recorded 
for each specimen. The “time tests” upon the even-numbered 
specimens should be made as follows: 

Each specimen is loaded with a definite percentage of the 
average ultimate strength of the two adjoining specimens with 
even numbers. For instance, test specimen No. 2 will be loaded 
with a certain percentage (as, for instance, 90 per cent. or 80 per 
cent. or 70 per cent.) of the average crushing strength of the 
specimens numbered 1 and 3. The time of failure should be 
recorded automatically.. A method is suggested by which the 
considerable deformations of the test specimen at the time of 
failure allows an electric contact device arranged along the side of 
the specimen, to operate and make a record on a chronograph. 

The loads on these specimens will be applied from i100 per 
cent. down to about ro per cent. of the crushing strength of the 
timber. The curve establishing the relation between the strength 
and the rate of loading would indicate the crushing strength of 
the timber for a continuous load. 

In order to avoid the release of the load due to the small 
deformation of the specimen or the yielding of part of the machine, 
it will be necessary to interpose between the testing head and 
the specimen some form of elastic base, as, for instance, a nest 
of springs properly housed or enclosed. The elastic base might 
have a capacity of about 50,c00 pounds, with a deformation of 
1 to 14 inches. The slight deformation of the test specimen on 
the testing machine from day to day will be very small in com- 
parison with the elastic depression of this elastic base. Thus, 
if the testing machine is put in balance at a given percentage 
of the crushing strength, it can again be brought into balance 
at least once a day until failure occurs. In this way the load 
on the specimen remains practically constant. 

If it is desired to use the testing machine in the meantime, 
the load might be kept on the test specimen by the aid of bolts 
and clamps, which would preserve the springs of the elastic base 
at the deflections corresponding to the load which was upon the 
specimen at the time it was removed from the testing machine. 
The above remarks apply to the compression test. 
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BENDING TEST. 


Material.—A thoroughly seasoned plank should be selected, 
about 3 inches thick and 18 feet long. Sticks running the full 
length of the plank about 3 inches square should be cut out and 
dressed to about 24 inches square. Cut each of these into five 
sticks about 36 inches long. The sticks should be numbered 
consecutively and given two coats of shellac varnish. 

Method of Test-—The odd-numbered sticks should be tested 
to failure in cross-bending by uniform rate of deformation in 
about three minutes of time, and the modulus of rupture and 
modulus of elasticity computed. Test the intermediate sticks, 
2 and 4, by placing on them a definite percentage of the average 
breaking load of the adjacent sticks. 

An additional series should be conducted on large beams of 
clear timber as follows: 

Select three beams of long-leaf pine about 12 inches by 16 
inches in cross-section by 16 feet long. In case of two of these 
beams apply loads continuously within the elastic limit, measuring 
the deformation and obtaining the corresponding return curve of 
deflections on release of the load. In case of each, beam tests 
should be made at different rates of speed. The third beam 
should be tested under loads applied in increments, time being 
given between each increment to allow the beam to assume the 
greater portion of its final deflection under each load. The 
three beams should finally be ruptured at three different speeds, 
the latter to be fixed by the results obtained from tests on small 
sticks. 

Repeat these tests on beams of red fir. 

Repeat these tests on sticks of white oak, 6 inches by 6 inches * 
in cross-section and 80 inches long. 
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APPENDIX II. 


A DIScUSSION ON THE EFFECT OF MOISTURE ON STRENGTH 
AND STIFFNESS OF TIMBER, TOGETHER WITH A PLAN 
OF PROCEDURE FOR FUTURE TESTS. 


INTRODUCTION. 


The effect of moisture on the strength and stiffness of timber 
is marked. In making comparisons of the strength of various 
species, or of the same species under various conditions, the 
amount and distribution of moisture at the time of test and the 
law connecting moisture and strength must be known. 

It is not a difficult problem to determine this law for small 
pieces of straight-grained timber for the various tests and various 
species, especially in compression tests. From the point of view 
of the experimenter, the difficulty lies in the application of this 
law, derived from small sticks, to large sticks, in which the 
moisture is not distributed uniformly. The actual point of failure 
contains an unknown degree of moisture different from the 
average of the section (e. g., Io per cent. as against 30 per cent.), 
and in the reduction of the observed strength at the percentage 
of moisture of the average disc to the strength in the green state, 
the law holding for small sticks of uniform size will not apply. 
It may be noted, however, in favor of the law determined from 
small uniformly dry sticks that the timber as contemplated by 
the designer and afterward loaded is usually uniformly air dry. 
While timber may be green when delivered to the construction 
of a building, opportunity usually exists for uniform drying out 
before final loads are applied. Provided the actual full-sized sticks 
are tested when green, corrected reductions may be made. 

However, the fact that almost all species of timber usually 
checks, and checks to a variable degree,* on seasoning, will 
modify the deductions from the moisture-strength law.t The 
simplest plan is to test the timber either entirely green or uniformly 


* Oak, for instance, checks nearly twice as deep as does pine. 
7 See tests by Professor Bovey, quoted below. 
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shed dry. Assuming, however, that tests are not conducted under 
these conditions, the questions that are to be answered are these: 

What is the practical use of moisture determinations in the 
large beams? How shall the reductions be made? 


THE USE oF MOISTURE DETERMINATIONS. 


The investigator desires: 

(a) To reduce results and comparisons of tests to the same 
moisture basis, so that in quoting relative strength of timbers 
under different conditions the comparisons may be fair. 

(b) To give to the designer the strength values proper for use 
at the degree of moisture he expects in the structure. What is 
this degree of moisture? In trestles the loads must be carried 
at times when the timber is green. In buildings, derricks, roof- 
trusses, the loads may or may not be carried while the timber 
is green. Large timbers bear loads when only the outside skin 
of the timber is dry. Some timber, as in buildings, is used under 
conditions where it may have to bear only a portion of the final 
load when green; and subsequently assumes the dry condition 
before the maximum load is imposed. Again, in various climates 
various conditions of moisture occur. Unit values for strength 
and stiffness should be listed at a definite per cent. of moisture 
with a quotation of the law of dependence of these on moisture. 
In many cases the unit values for design should be based on 
green timber. Some additional comment should, however, be 
made on: 

1. The effect of seasoning in producing checks. 

2. The different percentages of moisture retained in various 
species when yard dry, kiln dry, etc. 


MeEtHoD OF MAKING THE REDUCTIONS. 


(a) By application of law derived from tests on small-sized 
pieces. 

(b) By tests of large-sized pieces involving the actual dis- 
tribution of moisture, effect of checking, crooked grain, etc., thus 
obtaining an empirical law. 
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If practicable the second method is much safer. 

(a) Scientific law derived from tests on small pieces. 

The scientific problem is simple and may be solved as directed 
below. To determine the effect of one variable in a hetero- 
geneous material like timber, care must be taken to eliminate 
as far as possible the other variables. Efforts have been made 
in this direction by Bauschinger* and in the U. S. Timber 
Tests.T 

1. Bauschinger’s Tests.—Tests by Bauschinger on small- 
sized pieces of conifers in compression at three degrees of moisture: 
On basis of wet weight, 40, 14.6, 8.2 per cent.; or on basis of dry 
weight, 59, 17 and g per cent. Forty different sticks were tested, 
and the law determined for each. In case of each stick there 
were four test pieces at each degree of moisture. The sticks 
were about 3? inches square. The moisture determinations were 
made on sawdust, and later on the pieces themselves. The 
curves showing character of moisture-strength law substantially 
agree in all forty cases. The indications are: 


(PROBABLY FOR SAWDUST DETERMINATIONS.) 


Per cent. of moisture on basis of wet weight...........-..- ee 20) C anh eos 

Per cent. of moisture on basis of dry weight.............. B30 Sake com ena 

Relative: Strength joes o ciao eee ere © ere ne et I00 120 143 186 
Or, more conveniently, 

Per cent. of moisture on basis of dry weight.............- 3314 20\ ue aS ene 

Relative‘strensths s. 6st sec neeae etna e ea ae a eer I0oo I40 160 240 


2. U. S. Timber Tests—U. S. Timber Tests on sapwood of 
short-leaf pine showing that reabsorbed moisture has same effect 
as original sap. Moisture was presumably determined by drying 
out discs at 100° C. (See Circular 15, p. 3, section 7.) 


Per cent. of dry weight....-. betes aerate ee ne aa e era a3 20 hy fro 
Relative strength: 52s seat. eae ae eo sees eee I0oo 123 145 180 


These two determinations, Bauschinger’s and those of the 
U. S. Timber Tests, do not agree. On account of difference of 
method we cannot compare the two results. 


* Mitt. Minchen—Bauschinger, Heft XIX. 
+ Materials of Construction—J. B. Johnson, p. 668. 
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3. U. S. Timber Tests (unpublished).—In Circular 15, Divi- 
sion of Forestry, p. 3, the statement is made in section 5: 

“To determine more exactly the relation of moisture to 
strength, a series of tests on small pieces of fourteen species was 
instituted, involving 1,866 mechanical tests (on 2x 2 x 30-inch 
pieces from six-foot logs) and 933 moisture demonstrations. The 
results obtained on the general series of 4.x 4inch sticks were 
fully confirmed, the difference in strength between green and 
dry wood appearing if anything even greater for the small sizes.” 

These results have not been published, except in one case 
in Johnson’s Materials of Construction, pages 669 and 676, where 
the law for oak is given for small pieces, 224 tests. 


OAK—CoOMPRESSION. 


Percent.oL moisture, dry swelghts. <2 aes f ccceste esas ss 2300 (20° sake e TO 
mvelativerstrengthily. cmue okie Seem etek pac cre Bese Pets alae = Too 123 144 170 


From (2) and (3) the deduction is that there is no important 
difference between sapwood of short-leaf pine and oak in the 
effect of moisture. 

Bauschinger made a few tests in bending to determine effect 
of moisture. They do not seem, however, useful. 

(0) Reducing factors derived from tests on larger beams. 

On account of the various factors connected with moisture 
and seasoning, such as unequal distribution of moisture, checking 
during drying out, etc., which do not appear in tests on small 
pieces, laws derived from tests on the latter may not be practically 
as useful as more empirical reducing factors derived from actual 
tests on large sticks. The latter may be derived from tests oj large 
beams of timber selected for that specific purpose; or may result 
from the analysis of a mass of data giving the strength of various 
beams of various trees tested at different degrees of moisture. A 
series of large sticks of identical timber has not yet been tested to 
determine this law. J. B. Johnson uses the series of Government 
Timber Tests on various sticks (4 inches by 4 inches in cross- 
section) for the purpose and derives reduction curves.* 

Leaving out of consideration the anomalous results on short- 


* See Bulletin 8, Timber Physics, Division of Forestry, p. 22. 
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leaf pine, these values agree as well as might be expected in case 
of so heterogeneous a material as wood. 

The apparent deductions are from these: 

1. The compression tests on the 4 x 4-inch pieces are some- 
what more affected by moisture than bending tests to rupture 
on 4 x 4-inch pieces as between room-dry and green timber. 

2. That within the limits of significant results the reductions 
for 4 x 4-inch beams and small compression pieces may be taken 
to be the same. On the average these reducing factors are: 

Moisttire-_-% .- ro percent. 35 percent. 2o0percent. 33 percent. 

Bactor docx 2132 176 143 125 100 

The reductions for 4 x 4-inch compression pieces are greater 
than the above, being 


Igo 156 127 roo 


It is difficult to determine if these reducing factors are valid 
for large beams such as 12 x 16 inches in cross-section. If the 
effect of uniform moisture is alone involved these factors should 
apply; but inequality of distribution of moisture, knots, and checks 
may render their application doubtful. The reducing factors for 
large timbers should thus be checked by a series of tests on different 
species directed to this specific purpose. 

It will thus be best to test all beams either green or uniformly 
shed dry. It is recognized that a long period of time is necessary 
to dry large sticks to uniform degree of moisture. 

Further knowledge should be obtained of the degree of 
moisture to be expected in timber of various conditions of exposure. 
Is 12 per cent. average air dry? What factors of strength should 
be used for the common “‘yard-dry” timber that contains a green 
heart and a dry skin? 


MetTHOD OF DETERMINING THE MOISTURE. 


It is recognized in former tests mentioned above that the 
entire moisture in beam was not determined. That is, there was 
still moisture in the dried disc. 

What is desired is to reduce tests to standard moisture content. 
Now if this be not absolutely correct there is no practical conse- 
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quence of a serious nature. If the timber is tested green at x per 
cent. and dry at y per cent., as determined by disc method, and 
the reducing factor be determined, then this same reducing factor 
will hold for other sticks whose moisture is determined by the 
same disc method. Mere uniformity is desired. It will be well 
to use some method like the disc method, which an engineer may 
use to check up the degree of seasoning of the timber he is using. 
We may reassure ourselves, however, that the moisture remaining 
in a }-inch disc is negligible. 

It is also recognized that part of that called moisture was 
volatile oil. Probably this amount is very small in the disc method. 
The effect of oils on mechanical properties is still unknown. 
What we desire to know, however, for the purpose of obtaining 
correct moisture determination is the amount of oils driven off in 
kiln in process of drying out discs. 

Tests on long-leaf pine discs 8x 10x1? inches, with an 
average percentage of volatile oil of 0.37 per cent., show that about 
85 per cent. of this volatile oil is driven off in the process of drying 
out these discs in an oven at a temperature of 100°. The total 
volatile matter driven off in the oven from these discs is about 
20 per cent. The correction to the moisture per cent., as deter- 
mined in the process of drying such discs at roo° in the oven, is 
thus only about two-tenths of 1 per cent. 

Two discs of the same size as those mentioned above, with 
an average per cent. of volatile oils of 1.50 per cent., lost 50 per 
cent. of these volatile oils in the oven. The total volatile matter 
averaged 18.6 per cent., and the correct net moisture, after sub- 
tracting the volatile oil loss, was 18 per cent. 

Two discs of Pacific Coast red fir, 54x 7x1 inch dimen- 
sions, showed a percentage of volatile oil of 0.04 per cent. The 
total volatile matter driven off from these discs in an oven at 100° 
was 18.4 per cent. 

It is evident that in these cases no account need be taken 
of the volatile oils in the determination of moisture by the disc 
method, for the correction of the moisture determinations, due 
to the volatilization of the oils, is too small to be of importance, 
in view of the nature of the problem in hand and the variability 
of the material under test. 
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While under a process involving distillation of shavings by 
steam the resins may be softened and driven off, no such marked 
effect will follow in the process of drying discs in an air bath 
at 100°. 

In all these cases a comparison of the moisture driven off 
from these discs, with the moisture driven off from shavings in 
a vacuum, discloses the fact that about 1 per cent. more volatile 
matter was driven off from the shavings than from the discs. 

The indications of these preliminary results are that the 
disc method is entirely satisfactory as a means of determining 
the moisture of beams. 

When beams are tested in a green state considerable varia- 
tion in moisture does not affect the strength; and very simple 
determinations will suffice to show that the moisture is above 33 
per cent., beyond which an increase of moisture does not affect the 
strength. 


PROPOSITIONS FOR MrtHops TO BE USED. 


1. In general, test timbers for strength values in green 
condition. 

2. To determine the effect of drying, test certain sticks after 
drying in a kiln, and other sticks in a thoroughly air-dried state. 
Use these determinations as check points for extremes of curve 
showing strength-moisture law. 

3. To ascertain the variation of moisture in large beams, 
determine the moisture in case of a number of discs sawed from 
different parts of the length of experimental sticks. In addition, 
conduct scientific inquiry as directed below. 

4. For determination of moisture in stick under test, cut 
three discs, Nos. I., II. and III., from region of rupture, and one 
disc, No. IV., from quarter point of span. Nos. I., IJ. and IV. are 
to be # inch thick; No. III. is to be $ inch thick. Nos. I., ITT. and 
IV. are to be tested in dry kiln for loss at 100°. No. II. is to be 
tested for volatile oils. No. I. is to be tested for volatile oils after 
having been dried in kiln. This process will determine actual 
moisture by subtraction of volatile oils lost in kiln, and in addition 
the moisture lost in sawing. 

5. Percent. of moisture to be calculated on basis of dry weight. 
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SCHEME FOR DETERMINING THE EFrrect oF MOISTURE AND 
VOLATILE OILS ON THE STRENGTH AND STIFFNESS 
OF TIMBER. 


Material—Two methods are available: (a) To select a 
large deal and cut from it the small pieces needed;* (b) to go 
to a lumber yard and select pieces needed of same grain and 
weight. The grain should be straight and of normal rate of 
growth, and the pieces should be clear. After obtaining the 
pieces, they should be graded in proportion to their weight. 
Material should be air dry. Let us suppose that all variables 
are removed except weight. Now test three pieces of the lightest 
weight and three pieces of the heaviest weight, and thus establish 
factors for use in reducing results of pieces of different weight on 
the assumption that the strength varies with weight according 
to a linear law, in case of any given species. 

Species.—Red spruce, long-leaf pine, white oak and white 
ash, balsam fir, Western hemlock, red fir. 

Size.—2 x 2 inches or 3 x 3 inches; 36 inches long. 

Kind oj Tests—Shear, compression endwise and sidewise, 
bending, as directed in regular tests. 

Method oj Procedure.—In all cases determine total moisture 
and oil in samples by distillation method, and total volatile matter 
by disc method; also volatile matter by drying out entire test 
piece. Determine also the actual volatile oil which may be driven 
off in the disc method. Also determine which is better temper- 
ature, 80° or 100° C., for disc method. 


Test FOR EACH SPECIES AND KIND OF TEST. 


5 test pieces soaked in water. 
5 dried to about 33 percent. of moisture and volatile oil. 
5 “ee “ ce 20 “ “ee “ “ 
5 ce ce ce 15 “ee ins ce “ 
5 “ “oe “ec IO “ “e « ce 
5 oa kiln dried. 
5 ej kiln dried and allowed to reabsorb 10 per cent. water. 
5 “ “ “ “ce 15 “ “cc 
5 “ “ “ “ 20 “ “ee 
ce iia “ ““ « “ 
5 on 
* 
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This will give the curve for effect of oil plus moisture, and 
the backward curve for moisture alone. The difference will 
be the effect of the oils—provided there were oils to begin with. 
The matter may be made more clear by another backward 
series. 


5 test pieces kiln dried and allowed to absorb ro per cent. oil. 
5 “ “ce “e ce 20 ce ae 
“4 3 3 soak in oil. 


Volatile Oil—Determine the amount of oil driven off in 
disc method at 100° and at 80° C. 

Procedure.—1. Determine volatile oil in original disc. 

2a. ‘Take neighboring disc and dry out at 100° and at 80° C. 
until a constant weight is reached. Then redetermine volatile oils 
in dried-out disc. Or, | 

2b. Take a single disc. Select a specimen from certain set 
of annual rings. Determine volatile oils in this. Dry out the 
disc in air bath at 80° C., and at roo®C., and select a similar 
specimen from same set of annual rings. Determine volatile oils 
in this specimen. 


Meron oF DETERMINING EFFECT OF SAW IN DrvyINnG Discs. 
(SUGGESTED By Mr. Loren E. Hunt,* BERKELEY, CAL.) 


The moisture is determined by drying thin discs, cut through 
the entire section of the beam and tested in a way similar to 
the disc method (no account is taken of the volatile oils, however). 
In order to eliminate the drying effect of the power saw used 
in cutting the discs, several discs are cut of different thicknesses. 
Two discs are sufficient for the determination. 

The discs are weighed as soon as they are cut. They are 
then dried at roo° C. until no further appreciable loss in weight 
is obtained, and the final weight taken. It may be assumed 
that the moisture removed from each disc by the saw is equal 
in each set of discs—all conditions being equivalent. ‘Two equa- 


* Engineer in charge of timber tests, Pacific Coast Station, University of 
California. 
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tions may then be formed with the percentage of moisture and 
the loss due to the saw as unknowns. Thus, 

by = (a +x)—b 

dy =(c+x)—d 


in which 
a = weight of larger disc before drying. 
b= ss SS satteres ie: F 
a= “ of smaller “ before “ 
d = ff es ‘ar aitenin, co: 
x= “* of the moisture removed by the saw. 
y = percentage of moisture (and volatile oils) with respect to the dry 
weight of the timber. 
whence 
(a— b) — (c—d) 
y SS 
b—d 
ad — be 
x= 
b—d 


The following are the results of actual tests. The discs were 
dried in an ordinary gas oven: 


September, 1901—from Redwood Beams. 


Discs. Is II. TEE. 
Weight before drying.....- 60.05 144.15 227.95 gms, 
a after SON passe SS 33-14 76.85 720,30, 
Combining I. and II., x = 3.71 gms.; y = 92.4 per cent. 

ss Tvand, 0.) = 3270 © “St y= 192.6 os 
y II. and IIl.,x = 4.07 “ v=gQ2.9 ie 


Whereas by neglecting the effect of the saw we get, respectively: 
81.2 per cent. : 87.6 percent. : and 89.5 per cent. 


The discs were 4 to % inch thick. With larger discs the per- 
centage will be smaller, of course, and perhaps may be neglected 
entirely. With more seasoned timber the effect is less so. For 


example: 
September, 1r901—from ‘“‘Oregon Pine’? Beam. 


Discs. Te Il. Ii. 
Weight before drying...... 56.13 gI.50 179-35 gms. 
«after ee 46.60 94.87 T45-30 
Combining I. and II., x = 2.17 gms.; y = 25.1 per cent. 
24 i and; TI., x = 2s04 9 “y= Bay OS 
s Te and: Tx = 1.88.“ -y= 247, = 


Whereas neglecting the saw effect we get, respectively: 


20.4 percent. : 22.2 percent. : and 23.4 per cent. 
22 
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Tae Errecr or KILN-DRYING ON THE STRENGTH OF CONIFERS. 


Certain results derived by Professor H. T. Bovey, who 
experimented on Canadian conifers, were reported to the Canadian 
Society of Civil Engineers in November, 1897. The tests included 
large beams, both wet and kiln dried, and small specimens cut 
from these large beams, both wet and kiln dried. Tests were 
made in bending of large beams, and in tension, compression, and 
shear of the small pieces. The species included were white pine, 
red pine, spruce, and hemlock. 

These tests give evidence of the effect of moisture; and of 
the effect of kiln-drying in decreasing the shearing strength of 
timber. Professor Bovey finds that while kiln-drying the smaller 
specimens increase their compressional strength relatively to 
air-dried timber in the proportion of too to 175, the shearing 
strength is thereby decreased in the proportion of 100 to 75. 
The effect of this kiln-drying on the larger beams is to start 
checks, or extend checks already existing, so that in some particular 
cases the beam under test may be considered as rather made 
up of two beams placed on top of each other than a single united 
beam. (Whether or not this may be avoided by proper seasoning 
is an open question.) 

He notes that generally kiln-dried beams fail either in tension 
or by longitudinal shearing. Of nine kiln-dried beams only 
one failed in the ordinary manner by crippling in compression, 
while four failed by tearing on the tensile side, and four by longi- 
tudinal shear. On the other hand, of the twenty beams not 
kiln dried, eleven failed by crippling on the compression side, 
six by longitudinal shear, and three hemlock beams only by 
tearing in tension. It would seem that the effect of kiln-drying 
was to increase the compressional strength of the timber to a point 
where it was equal to the tensile strength, which latter remained 
unaffected by drying out. 

There is little precise indication in these tests as to the 
effect of kiln-drying on the modulus of elasticity. The marked 
effect is evident, however, in Professor Bovey’s measurements 
of the behavior of a beam from day to day while carrying a fixed 
load. On dry days the deflection would be less than on wet 
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days. For instance, on rainy days the deflection would be 0,129 
inch; on dry days, only 0.111 inch, ‘The beam actually responded 
to the varying hydrometric conditions of the atmosphere and the 
modulus of elasticity increased as the beam became dryer. 

This being so, a beam must be tested very soon after having 
been removed from the kiln in order to yield results appropriate 
to the kiln-dried state. Professor Bovey notes that not only 
are the deflections smaller in the drier state, but also that they 
are more regular. 

Changes of temperature produced no appreciable difference 
in deflections. 

Tests by Naval Constructor Frank W. Hibbs on red fir, as 
reported in Proceedings of Pacific Northwest Society of engineers, 
November, 1902, vol. i., No. 2: 

These tests were made on 4 x 4-inch sticks, in bending 
and other tests in tension, compression, and torsion, Samples 
were fine grained or coarse grained, air dried or kiln dried, and 
green. No determinations were made of the actual moisture in 
the sticks at the time of the tests, which was after a period of 
storage in a cool, dry place. ‘These tests showed that the strength 
of the kiln-dried sticks was less for all kinds of tests than that 
of the air-dried sticks. ‘The green timber had a greater strength 
than the air-dried timber in three kinds of tests, while the green 
timber had less strength than the air-dried timber in three kinds 
of tests. The differences, however, in all cases were slight—not 
to exceed 10 per cent. 

The remark must therefore be made that, while it is a scien- 
tific fact that the actual strength of a wood fiber is increased 
by the process of drying out the cell walls, the strength of a com 
bination of these fibers of spring and summer growth in the form 
of a large stick may not follow the same law that is evident in 
the case of small pieces. This remark must be further modified 
by saying that proper methods of kiln-drying may not diminish 
the strength to a sufficient degree to reverse the law derived 
from small sticks. It may be that this will explain the reason 
why the deductions from the former Government timber tests 
on 4 x 4-inch sticks agree in character with the experiments on 
smaller sticks. 


Mr. Lanza, 


DISCUSSION. 


GAETANO Lanza.—Inasmuch as I had considerable to do 
with the preparation of the printed circular, there is not very 
much for me to say now, but there are a few remarks which it 
may be well to make. 

First, series I.—7. e., “Tests on Timber Collected from the 
Open Market”—is a very important subject for investigation. 
Of course, in such a seriesthe complete history of the timber 
tested cannot be obtained, but the facts that can be obtained are 
those that the engineer most needs to know. Moreover, the 
number of tests that have been made upon the various kinds of 
timber grown and employed in the United States in such sizes as 
are used in practice is small, whether we consider the total number 
of such tests or the number of species tested. If asked what 
strength and stiffness can be expected in the practical use of many 
Western and other woods, no answer can at present be given, and 
a series of tests that will furnish an answer to this question, even 
approximately, cannot fail to be of great importance to the 
engineer. 

Second, in regard to the inadequacy of a series of tests, based 
primarily upon botanical considerations, we should note the diffi- 
culty of recognizing the species after the timber is sawed and 
transferred to the lumber yards. Thus I understand that not only 
would it be impossible for the engineer or for the lumber dealer 
to know, from the appearance of a stick in the lumber yard, 
whether it was of long-leaf or of short-leaf yellow pine, but also 
that the botanist himself would be very liable to be mistaken if 
he attempted to decide the question. 

As to the question of the importance of testing full-size pieces, 
Mr. Hatt has explained it very clearly, and it is only necessary 
for me to say that, of course, the problem of large pieces is the 
question of the knots, cracks, and other defects which occur in 
these pieces and which do not occur in the small pieces. My 
first tests of timber were made upon spruce beams. I could at 
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that time take a stick 6 x 12 or 4 x 12, look at each side of it, 


see how many knots and other defects there were; then guess at. 


the modulus of rupture, proceed to test the beam, and then find 
that my guess was, as a rule, within 6 per cent. of the truth. 
That shows very plainly, it seems to me, that the knots, cracks, 
and defects outweigh almost every other consideration. 

Now a word in regard to the selection of the timber in the 
forest. The botanist going into the woods and selecting the lumber 
from botanical considerations only would be liable to neglect such 
questions as the prevalence of knots, the height above the ground 
where the branches begin to occur, what portion of the timber is 
liable to be used in practice, and what will be the amount of 
defects that will occur in that portion. Inasmuch, therefore, as 
these are vital points in this investigation, it follows that a proper 
selection can only be made by a man who had either tested timber 
or who had seen a great many tests on full-sized sticks. In the 
scheme proposed by the Bureau it is intended to take photo- 
graphs of all six sides of a stick, and that is a very important 
matter. If two different-:men were to undertake to describe how 
knotty a stick was, I do not think that we could tell much by 
their description; but if we have the photographs of the six sides 
these photographs would speak for themselves. 

The percentage of moisture is a most important matter, and 
the question of moisture on full-sized sticks is not the question 
of moisture on small samples. Thus, suppose that the modulus 
of rupture of a 2 x 2-inch stick containing 15 per cent. of moisture 
has to that of one containing ro per cent. of moisture a certain 
ratio, it would not be fair to assume that the ratio would be the 
same in the case of 6x 12-inch or 8x 16-inch sticks, inasmuch 
as this ratio would be very much affected by the knots, cracks, 
and other defects that occur. The modes of determination of 
moisture depend largely upon the question of sampling, and this 
is a matter that can only be settled by careful investigation. 

Another matter which should be mentioned is the importance 
of time tests and a study of the effect of time upon the strength 
and stiffness of full-size pieces. A certain amount of such tests 
have been made in my laboratory upon full-size timbers subjected 
to loads for periods varying from six months to three years. 


Mr, Lanza. 


Mr. Hatt. 
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W. K. Harr (by letter).—In the proposed tests provision is 


made for time tests on large sticks. It is a well-known fact that 


timber is weaker under a slowly applied load. For instance, if 
a car spring is inserted between the knife edge of the testing 
machine and the timber under test the beam breaks at a lower 
load than if the knife-edge bears on the beam directly. 

This work of determining the mechanical properties of timber 
is a very important aid to the work of the forester in promoting 
a conservative management of the forest, as well as of use in 
supplying valuable information to engineers. 

With reference to timber obtained in the open market, I may 
say that there is no difficulty in finding out the mill and the 
district from which large timbers come that are obtained from 
the lumber yards of large dealers. It is thus possible to obtain 
all the necessary information with regard to the conditions of 
growth and the extent of the seasoning. No timber is tested 
whose species is not determined. 

It must be recognized that there are a very great number of 
minor factors which affect the growth of a given tree in our 
American forests. The attempt to determine the influence of 
many of these is bound, in the speaker’s opinion, to be attended with 
failure. What mainly determines the volume and quality of wood is 
the moisture that the tree receives from the soil and the light it 
receives from above. Each tree struggles with its neighbor for the 
larger share of these two, and there is also warfare between differ- 
ent species for the possession of the soil. Nature has given plain 
answer to many of the questions upon which the testing machine 
is dumb. Moreover, it is not merely the actual quality of the 
timber produced in a tree, but the volume of merchantable 
timber that decides the relative value of species or of sites. 

In favor of selecting timber from the market it may be noted 
the conditions which prevail at the period of visit of the collector 
to the forest are not those which obtained 150 years before. 
Changes of drainage, the influences of man in introducing com- 
peting species into a formerly pure forest, etc., soon change the 
character of a forest. The collectof in the forest does not know 
as much of the history of the tree as does the collector in the 
lumber yard, for the latter sees the history of the tree in the annual 
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rings. In choosing a series of sticks to serve as the basis of an 
investigation of the relation between mechanical and physical 
properties a selection may be to most economically made in the 
lumber yard. 

The proper work of the testing machine is to determine the 
relation between different physical qualities of wood and mechan- 
ical strength. It is the business then of the lumberman or forester 
to use this information in the forest for whatever purpose he may 
desire to use it. The testing machine can keep itself busy with 
useful problems of some practical outcome to better advantage 
than in the pursuit of problems that have no solution. 

In relation to the method of making moisture determinations 
it is reassuring to know that practically all the moisture can be 
driven out of a #-inch disc. In view of the great variation of the 
moisture throughout the cross-section of a piece of timber with 
the heart practically green, containing 100 per cent. of water, and 
perhaps 1o per cent. on the outside, and the very great variation 
in individual sticks of timber, it is not the part of practical wisdom 
to quarrel over a fractional per cent. of moisture. It is particu- 
larly necessary to avoid being lost in the labyrinth of details and 
useless refinements which are the result of attempting to lay out 
this investigation of timber from the purely logical standpoint. 


Mr, Hatt. 


THE HISTORY AND ORGANIZATION OF THE 
INTERNATIONAL RAILWAY CONGRESS. 


=By PP: He DupEEY. 


The International Railway Congress is the outgrowth of a 
scientific congress which met in Brussels in 1885 to celebrate 
the fiftieth anniversary of the original law for the inauguration 
of the Belgian railways. The actual date of this was in May, 
1884, but the meeting was adjourned until the Antwerp Exposi- 
tion of August, 1885. The inauguration of railroads in the United 
States preceded that of the Belgian railways by six years. The 
idea of organizing a congress of the nature of the International 
Railway Congress was discussed in Belgium in 1874. It was 
an idea of M. Fassiaux, the Secretary-General of the Railway 
Minister, and was intended as a supplement to the Postal and 
Telegraph Congress. 

In June, 1884, a commission of officials of the railways per- 
taining to the administration of the roads and bridges was ap- 
pointed by the Minister of Public Works to prepare the programme 
for the celebration of the fiftieth anniversary of the original railway 
law. The idea of the Scientific Congress was retained by the 
Secretary-General of the Railway Ministry. Its object was to 
investigate improvements to be introduced in railway construction 
and operating. It was resolved to ask not only governments but 
railway administrations to lend assistance and send representa- 
tives. A technical sub-committee was instructed to draw up a 
program in conformity with the idea of a scientific congress. 
This sub-cominittee submitted a report containing sixteen proposi- 
tions. Representatives of all the great companies of the adminis- 
trations of Europe and some from America were present, and an 
effort was made for the foundation of a General Railway Union. 
At the session in Brussels it was determined to give it the basis 
of a scientific association, with the object of encouraging the 
technical advancement of railways by conferences, by publications, 
and by facilitating intercourse between affiliated adnsinistrations. 
The motion was passed by acclamation, but to give it effect, it 
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was indispensable to obtain the assistance of the Belgian Govern- 
ment, and find funds necessary to meet preliminary expenses. 
This was done by the Minister of Railways, who understood at 
once the great scientific value of the suggested institution, and 
encouraged its inauguration. He gave it the assistance of his 
officials, and granted it a Belgian Government subsidy. 

It was at the session held in Milan in 1887 that the Associa- 
tion was established, and the statutes passed as they exist to-day. 
The Congress is composed of State or private railway administra- 
tions, who send a limited number of delegates in proportion to 
the extent of their system to periodic sessions. Governments 
were invited, through the Belgian Foreign Office, to send repre- 
sentatives to the sessions. Each railway administration subscribes 
100 francs ($20.00), plus 24 cents per mile of their lines. To be 
permitted to take part in the Congress, each one should have 37 
miles, or 50 kilometers of line, except in the case of certain railways 
which are operated under special conditions. 

The Third Session of the Congress was held in 1889, at Paris, 
and the Fourth, in 1892, at St. Petersburg. The Fifth, in London, 
1895; delegates being present from all countries operating railroads. 
The writer was a delegate in t895 to London. The Sixth Session 
of the Congress was held in Paris, in 1900; the writer being 
Reporter for the United States on the “Nature of the Metal for 
Rails.”” The Seventh Session of the Congress will be held in 
Washington, D. C., in May, 1905; the writer being Reporter for 
America on ‘‘Rails for Lines with Fast Trains.” 

The sessions are held now at periods of five years. The work 
of preparation for the Congress is so extensive that this amount of 
time is required to collect the information, write, print, and circu- 
late the reports for each session. 

The Congress is managed by a permanent Commission, with 
its headquarters at Brussels. Members of this Commission are 
appointed from the different countries, and meet at Brussels once 
in two or three years. The last meeting of this Commission was 
on the 27th of June, 1903, to prepare for the organization of the 
coming session at Washington, D. C., in 1905. 

A Permanent Committee in Brussels arranges the general 
program of the session, and indicates as general questions the 
topics for the different sections of the Congress. 
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There will be five Sections for the Seventh Session at Wash- 
ington: 

Section I. Ways and Works. Four general questions, and 
nine reporters, four being from this country. 

Section II. Locomotives and Rolling Stock. Four general 
questions, and eleven reporters, four being from this country. 

Section III. Working (or Operating). Four general ques- 
tions, and nine reporters, five being from this country. 

Section IV. General. Four questions, and eleven reporters, 
three from this country. 

Section V. Light Railways. Six reporters. A total of forty- 
six reporters; sixteen being from this country. 

Reporters are appointed from the railroad companies in the 
different countries to prepare the detailed list of questions from 
the general topic and submit them to the railroad companies for 
replies, and then write the report from the information received. 
On all questions of general interest, a reporter is appointed for 
the Continental countries and another one for America, to collect 
the information from the railroad companies of the different 
countries and prepare separate reports upon the same question 
and submit them to the Congress for discussion. 

The detailed questions by the reporters are sent out over two 
years in advance of the session. The information is collected, 
reports prepared and submitted to the Permanent Committee at 
Brussels a year before the session of the Congress, the time occu- 
pied in their publication. The American reporters have requested 
replies to be made to their questions on or before July 1, 1903. 

The Congress issues a Bulletin, in which all reports are first 
published and sent to the different administrations. Then they 
are prepared in a separate copy for use of the delegates to the 
Congress. 

After the presentation of the reports and discussion in their 
respective sections, each formulates certain conclusions for adop- 
' tion. These are presented to the entire Congress for final discus- 
sion, adoption, or rejection. They are brief statements of the 
conclusions which have been submitted by the reporters and the 
different sections. 

Important questions connected with “Ways and Work” have 
special reports by the sections for each Congress. Questions of 
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not as much, importance are not discussed at each Congress, new 
questions being formulated by the Permanent Committee. 

The reporters serve only for one Congress, unless asked to act 
a second time, which is the case on important subjects. The ques- 
tion of quality of steel for rails has received attention at each 
Congress, and will at the coming session, as a special feature under 
Ways and Works, Question II., “Rails for Lines with Fast Trains.” 

The theories in reference to the railroads and construction are 
not alike in the different countries. Those of America are distinct 
from those abroad in some cases. While discussions of matters 
pertaining to the permanent way locomotives and rolling stock 
have received attention at each Congress, principles in reference 
to them have not been formulated, but possibly may be at the 
coming Congress, as they are of such great interest and importance. 

The questions pertaining to the combined stability between 
the locomotives and the permanent way have never been com- 
pletely investigated and stated, owing to the difficulties of ascer- 
taining and defining the complex relations between the moving 
locomotive and a flexible and elastic superstructure, resting upon 
its subgrade of limited elasticity but decided plasticity. 

New investigations are made for each session of the Congress. 
Opinions differ in reference to the distribution of stresses in rails 
under movinglocomotives. In bridges, where it has been possible to 
make calculations for the unit fiber stresses in the different mem- 
bers, great advance has been made, and it is now upon a scientific 
as well as a practical basis. 

The conditions under which the railroads are operated in the 
different countries have developed distinct types of locomotives 
and rolling stock. While the general question of transportation 
may be the same, the conditions under which it is conducted are 
unlike. In the British Isles the distances are comparatively short, 
though numbers of trains are required to transport the population 
in such thickly settled districts. The same is true of portions on 
the Continent. In the United States our railroads have been 
constructed for the purpose of developing the country quite as 
much as accommodating those portions which are thickly settled, 
and the country is of large area and the distances correspond. 

In size of locomotives and weight of trains the development 
of the railroads in the United States exceeds those of any other 
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country. Our methods are different, and the constructions and 
general ideas in reference to the movement of the heavy loads will 
be of interest to the visiting members of the Congress. The. 
discussions become of advantage and value to all railroad officials. 

A Bulletin of the International Railway Congress is issued 
by the General Secretary of the Permanent Committee in Brussels. 
This was published in French only from 1887 to 1895. Since then 
an edition is published in English. They are not strictly identical, 
each one, however, containing, with original and other papers, 
all the documents and reports of the transactions relative to the 
sessions of the Congress. There are twelve numbers per year, 
subscription price, $6.00. The proceedings of the Congress are 
published for each session. Those for Brussels, 1885, are in two 
volumes, price, $4.00. Proceedings of the Second Session, in 
Milan, 1887, three volumes, price, $9.00. Proceedings of the 
Third Session, Paris, 1889, three volumes, price, $12.00. Pro- 
ceedings of the Fourth Session, St. Petersburg, 1892, four volumes, 
$20.00. These have been published only in French. Proceedings 
of the Fifth Session, London, 1895, four volumes, $17.00. . Pro- 
ceedings of the Sixth Session, Paris, 1900, six volumes, price, 
24.00, both in French and English. These will form important 
additions to libraries and technical societies. 

Of interest to the Society will be the opportunity for discussion 
of questions pertaining to the composition and physical and 
mechanical properties of the rail section. 

The visiting members of the Congress may take this oppor- 
tunity to make investigations in several questions directly or 
indirectly connected with the railroads, particularly those pertaining 
to metallurgical and mechanical processes. The methods of test- 
ing materials for bridges and also the question of cements will be 
of exceeding interest. A new topic for the Congress will be con- 
crete and embedded material for this session./ 

The American Railway Association, as the American Section 
of the International Railway Congress, on behalf of the railroad 
companies, has charge of the arrangements for the Congress in 
Washington, D. C., 1905. The Secretary is Mr. W. F. Allen, 
No. 24 Park Place, New York, N. Y. 

The Secretary of the Permanent Commission is Mr. L. Weis- 
senbruch, No. rr Rue de Louvain, Brussels, Belgium. 


6 Silt 


THE TESTING OF BITUMENS FOR PAVING PURPOSES. 
By A. W. Dow. 


It is surprising when one considers the large quantity of 
bitumen used each year, and its numerous applications in the 
many industries, that more attention has not been given to the 
study and examination of the physical properties of this inter- 
esting class of bodies. Why is it not just as essential to examine 
into the properties that a bitumen should possess, to meet the 
requirements of the purpose for which it is to be employed, as 
to examine a hydraulic cement? There are many million dollars 
spent on asphalt paving each year, and yet the examination of 
the materials entering into these pavements is neglected, excepting 
in one or two instances, and the majority of these are entirely 
devoid of any real value, as the examinations are not based on a 
careful study of the requirements and conditions. The only 
explanation I can offer for this lack of interest or attention to 
the testing of these materials is that it does not fall within the 
scope of any of the professions. 

The testing of bitumens is devoid of any true chemical 
methods, and it is evident from their complex composition and 
great variation in chemical composition that it will be a long 
time before chemistry will play an important part in the determi- 
nation of their properties. It is not to be wondered at either that 
engineers do not consider the testing of bitumens as being within 
the scope of their profession, as the physical properties and laws 
governing bituminous construction are so different from those 
relating to the materials usually met with in engineering work. 

At the last annual meeting of the International Association 
for Testing Materials, the formation of a committee was authorized, 
known as No. 34 (for the settlement of a uniform definition and 
nomenclature of bitumen). Dr. Lunge, of Zurich, was appointed 
chairman, Mr. C. Richardson and myself accepting the American 
membership. In a circular letter addressed to thé members of 
the committee, Dr. Lunge proposed that the committee not only 
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devote its attention to the nomenclature, but to arriving at uniform 
methods of testing bitumens. The establishing of uniform methods 
in any subject is, of course, very desirable, but it is a question 
whether the time is ripe for such an undertaking in the field of 
bitumens, as there has been so little work done in this subject, 
and by so few persons. The only tests that I believe sufficiently 
established to warrant any unification in the methods of pro- 
cedure are those for the determination of the total bitumen and 
the amount of bitumen soluble in naphtha. 

But I do not present this paper with the hopes of establishing 
any uniform methods at the present time, but more for the purpose 
of bringing before the Society for discussion the fundamental laws 
governing asphalt construction and some physical tests which I 
have adopted for the examination of asphalt materials for deter- 
mining their suitability for use in paving. 

The theory of asphalt construction is but little understood. 
This is because the proper physical laws are not applied in reason- 
ing on this subject, which is not surprising when we consider 
that the cementing of other materials in general use in engineering 
work are solids, and involves the laws governing the cohesion and 
adhesion of solids for each other, while in the case of asphalt 
construction we have entirely different principles involved— 
those governing the cohesion of liquids and adhesion of liquids 
for solids, for asphalt paving cements are in every sense of the 
word liquids. It is either because this fact is unknown, dis- 
regarded, or thoughtlessly overlooked by analysts and engineers, 
that the majority of literature on the technical examination of 
asphalts is so lacking in value. 

To better illustrate this, a description of how one class of 
asphalt pavement is constructed and a discussion of its properties 
will not be amiss. What is known as a sheet asphalt pavement 
is one made of a mixture of sand with an asphaltic cement. As 
the asphaltic cement used is excessively viscous at ordinary 
temperature, this mixing is of necessity done while the materials 
are heated to a degree sufficiently high to render the cement so 
fluid as to readily coat the sand. This mixture of sand and 
asphaltic cement is spread on the street and compressed into a 
continuous sheet by means of rolling. These operations are 
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performed while the mixture is heated, as it is more easily handled 
and compressed while in this state. 

This pavement must have the following properties: 

1. It must be composed of such a material that it will not 
crush or be ground away by traffic at any climatic temperature. 
To accomplish this the asphaltic cement which surrounds the sand 
grains must be pliable and elastic at all temperatures, for, if it 
were solid and rigid the mixture would soon grind away. 

2. As an asphalt pavement is laid in one continuous sheet, 
it is necessary that the cement used be so ductile, even at the 
lowest temperature obtained, that the pavement may contract 
without cracking. 

3. It is also necessary that the pavement be so firm and hard 
at the maximum climatic temperature obtained, as to withstand 
the passage of traffic without either being cut into so badly as 
to be objectionable, or shoved to the side of the street. 

4. The paving mixture must be as dense as is possible, so as 
to preclude the entrance of water into its voids, for if water enters 
and freezes the mixture is expanded and becomes spongy, for, 
with the pavement in such a condition, especially if the asphaltic 
cement is not very pliable, it will wear away by abrasion. 

5. The pavement must not contain any material that is acted 
on by water, for even though it were possible to construct a paving 
mixture so dense as to preclude the entrance of water into it, 
yet the mixture being pliable under the passage of traffic, water 
will work into it if it contains any material that is readily attacked. 

6. The pavement must not contain an asphaltic cement that 
will age so rapidly as to cause the pavement to lose its pliability 
before a reasonable period of time. 

A pavement possessing all these qualities will be durable 
under all normal conditions. 

Although the use of different sands in a pavement will change 
its physical properties somewhat, yet they are principally dependent 
on the physical properties of the asphaltic cement with which it 
is constructed. 

For a pavement to possess the properties above enumerated, 
it must be made with an asphaltic cement which will be so ductile 
at the minimum temperature obtained in the climate in which 
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it is laid as to permit a contraction of the pavement without 
cracking, while at the same time it must not be rendered so fluid 
by the maximum climatic temperature as to produce a pavement 
objectionably soft. The asphaltic cement should possess the 
property of flowing at all temperatures to which it will be sub- 
jected. It is upon this property that the adhesiveness of an 
asphaltic cement depends. Comparing two asphaltic cements 
of the same degree of consistency, the one that approaches more 
closely to being a true liquid possesses the greater adhesiveness. 
This is true not alone from observation, but is evident when we 
examine into why a bituminous cement is adhesive. The property 
of adhering is not chemical, but purely mechanical, and the more 
fluid the cement is the more completely and perfectly will it flow 
into every cavity of the surface in which it is in contact, thus 
producing a more perfect bond or adhesion. 

It must not be inferred from the above remarks that the 
cement which approaches most closely to the true liquid, and for 
this reason is most adhesive, is the most desirable for asphalt 
construction. This is not the case, for cements as they approach 
the condition of being perfect liquids are found to be more sus- 
ceptible to changes in temperature, that is, more brittle in the 
cold and more softened by heat. 

Besides these physical properties the asphaltic cement must 
be able to withstand the heating to which it will be subjected in 
the process of manufacture into pavement, without having its 
physical properties materially changed, and must not be rapidly 
hardened or so changed by age as to lose its ductility and plhability 
in an unreasonably short period of time. For the determination 
of the above properties I have devised the following tests: 

Ductility—The ductility of an asphaltic cement is determined 
by ascertaining the distance in centimeters that a prism of the 
cement can be drawn out before breaking. | The size of the prism 
that I have adopted is one 5 cm. in length and with a square 
cross-section of 1 cm. The molding of this prism is done as 
follows: Fig. 1 shows the four pieces which fit together to 
make the mold. Fig. 2 shows the mold put together ready 
for filling. Before filling, the mold is placed on a brass plate, 
and so as to prevent the asphalt adhering this plate and the 
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inner sides of the two pieces of the mold (a@ and a’) are amal- 
gamated. The asphalt cement to be tested is poured into the 
mold while in a molten state, a slight excess being added to allow 
for the shrinkage on cooling. After the asphalt cement is nearly 
cooled the prism section is smoothed off level by means of a 
trowel, which should be wet with water to prevent its sticking. 
When it is thoroughly cooled to the temperature at which it is 
desired to make the test, the clamp and the two side pieces are 
removed, leaving the prism of asphalt cement held at each end 
by the ends of the mold that now take the part of clips. The 


Fic. 1. Fig. 2. 


test is made by pulling the two clips apart at a uniform rate of 
speed by means of hooks inserted in the eyes. The prism should 
be kept in the freezing mixture or water at the temperature 
desired, and the test made while so immersed so as to insure the 
temperature remaining constant. The rate of speed adopted for 
pulling the clips apart when the test is made at 77°F. is 5 cm. 
a minute, and 1 cm. per minute when making the test at 20° F. 
Up to the present time I have pulled the clips apart by hand, 
but am now working on a machine that will do this and at the 
9 23 
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same time measure the force required to pull the clips apart at 
the standard rate of speed. Sufficient work has not been done 
on the ductility test at low temperatures to be able to state any 
standard at the present time, but it has been found that it is not 
safe for an asphalt having a consistency of go penetration at 
77° F. to pull less than go cm. at this temperature in the above 
ductility test. 

Seftness at High Temperature —The softness of an asphaltic 
cement at high temperature is determined by ascertaining its 
consistency or penetration by means of the penetrating machine 
at 32°, 77°, roo® and r1rs° F. The rate of softening of an asphaltic 
cement is thus determined, and an idea can be arrived at as to 
whether it would be too soft for use at the maximum climatic 
temperature, 

The consistency or viscosity of an asphaltic cement is deter- 
mined by ascertaining the distance that a standard needle will 
penetrate into it under a standard weight and in a standard 
interval of time. The distance that the needle penetrates is called 
the penetration of the sample. There are three types of apparatus 
all depending on the same principle, that of a needle penetrating, 
that have been described. The first apparatus was devised by 
Prof. H. C. Bowen in 1888 and is patented (Patent 
No. 494974). It is also described by Mr. Richard- 
son in his report to the Engineer Commissioner for 
the year ending June 30, 1891, page ro6. The 
author describes still another sort of apparatus 
in the report of the Operations of the Engineer 
Department of the District of Columbia for the 
year ending June 30, 1898. This apparatus has 
been found very convenient for experimental 
work, but being rather cumbersome to have in 
paving yards, etc, a simpler apparatus was de- 
vised which answers all purposes, even experi- 
mental work. The latter is shown in the accom- 
panying Figs. 3, 4, and 5. 

In Fig. 3 is shown the No. 2 needle A inserted in a short 
brass rod, which is held in an aluminium rod (C) by the bind- 
ing screw B. The aluminium is secured in a framework s0 
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weighed and balanced that when it is supported on the point 
of the needle A the framework and rod will stand in an 
upright position, allowing the needle to penetrate perpendicu- 
larly without the aid of a support. The frame, aluminium rod, 
and needle weigh 50 grams; additional weight, when desired, 
is placed on the bottom of the frame at W. In Figs. 4 and 5 


Fic. 4. Fic. 5. 


are shown the side and front views of the entire apparatus put 
together and ready for making a penetration. D is a shelf for the 
sample. EH is a clamp to hold the aluminium rod C until it is 
desired to make the test. F is a button which when pressed opens 
clamp £. By turning this button while the clamp is being held 
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open, it will lock and keep the clamp from closing ‘until unlocked. 
The device to measure the distance penetrated by the needle 
consists of a rack, the foot of which is G. The movement of this 
rack up or down turns a pinion to which is attached the hand 
which indicates on the dial K the distance moved by the rack. 
One division of the dial corresponds to a movement of the rack 
of one one-hundredth of a centimeter. HA is a 
weight hung by a coarse thread which winds on 
a drum on the axle of the spindle and counter- 
balances the rack so that the rack can be raised 
or lowered by moving this counterweight H up 
or down. ZL is the tin box containing the sample 
to be tested, which is covered with water in a 
crystallized dish, thus keeping its temperature 
constant. M M are leveling screws. Fig. 6 rep- 
Fic. 6. resents a clock movement having a tro-inch 
pendulum attached to the wall to one side of 
the machine, used for timing the test. Make a mark (P) on the 
wall just at the extremity of the swing of the pendulum. A double 
swing of this pendulum—that is, from the time it leaves P until 
it returns—is one second. 

To make the penetration test the samples of asphalt cement 
contained in circular tins, along with the glass dish, are placed 
in a receptacle containing at least five inches of water, which 
should have been previously brought to the temperature at which 
it is desirous to make the test. While the samples are under the 
water it should be stirred every few minutes, best with a thermom- 
eter, and the temperature kept constant when necessary by the 
addition of hot or cold water as the case may require. The 
samples should remain under the water at least fifteen minutes, 
and in cases where their temperature is not near that at which 
the test is to be made they should be left in possibly half an hour. 
After the samples have remained in the water a sufficient time to 
have attained its temperature they are ready to be penetrated. 

One of the samples is now placed in a glass dish and removed 
in it, covered with as much water at the standard temperature 
as is convenient without spilling. The glass cup containing the 
sample is placed on shelf D under C, as shown in Figs. 4 and 5. 
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Insert brass rod with needle into C, and secure by tightening 
binding screw B. Lower C until the point of needle very nearly 
touches surface, then, by grasping the frame with two hands at 
Sand S’ (Fig. 5), cautiously pull down until needle is just in contact 
with surface of sample. This can be best seen by having a light 
so situated that looking through the sides of the glass cup the 
needle will be seen reflected in the surface of the sample. After 
thus setting the needle, raise counterweight slowly until the foot 
of rack G rests on the head of rod C; note reading of the dial. 
Place thumb of right hand on R and press button F with fore- 
finger, thus opening clamp. Hold open for the desired time and 
then allow it to close. Raise counterweight H as before until 
foot of rack rests on rod C. The difference between the former 
reading of the dial and the present is the distance penetrated by 
the needle, or the penetration of the sample. Raise rack, loosen 
binding screw B, raise rod through clamp, leaving the needle 
sticking in sample. Remove needle from sample, clean well by 
passing through a dry cloth, replace needle in C, and the machine 
is ready for another test. 

The needle which I have adopted as a standard for pene- 
trating is a No. 2, manufactured by R. J. Roberts, Redditch, 
England. All the needles, however, obtained in a package cannot 
be used for penetrating, as they vary somewhat in shape, and 
only those are selected which give a penetration corresponding 
to a standard needle. The standards that I have adopted for 
this machine are: At 32° F. or lower, the distance in one- 
hundredths of a centimeter that a No. 2 needle will penetrate into . 
the sample in one minute of time when weighted with 200 grams. 
For tests made at a temperature of 77° F., the distance in one- 
hundredths of a centimeter that a No. 2 needle will penetrate 
into the sample in five seconds of time when weighted with 100 
grams. For tests made at a temperature of 100° F. or above, 
the distance in one-hundredths of a centimeter that a No. 2 
needle will penetrate in five seconds of time weighted with 50 
grams. 

The following is a table giving the penetration and ductility 
of three classes of asphalt cement, which I have designated as 
A, Band C: 
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A B. c 
Penetration-at) 22° boccni on meee Io 13 25 
Penetration? at \77 Ci sees = eee cere 55 47 45 
Penetration atiroor Bac. acta eee 150 IIO 75 
Penetration™athc15 Wb onc. ssn eee 850. 220. T20 
Ductility. atsyeO es s. sos) se eee 300 75 20 


It has been found from practical experience that it is not 
safe to use an asphalt that is more susceptible to changes in 
temperature than sample A, given in the table, for if it were more 
susceptible than this, and made to a softness to give it sufficient 
ductility at low temperatures, it would be too soft for use at high 
temperatures. The average paving cement gives penetrations 
such as represented by B in the table. Sample C in the table 
represents the least susceptible cement which I have found on 
the market. This non-susceptibility to change in temperature 
would be of great advantage if it were not for the fact that the 
cement is lacking in ductility. There is a law which I have found 
that invariably applies to the properties of asphalt cements, that 
is, that the less susceptible cement is to change in temperature 
the less ductile it is at normal temperatures, and inversely the 
more susceptible the more ductile is the cement. 

Fluidity—As has been mentioned before, the more ductile 
an asphalt cement the more perfect a fluid, and the more cemen- 
titious. The fluidity is judged from the amount of ductility, which 
is tested as has been previously described. 

Heat Test.—To ascertain whether the asphaltic cement will 
be injured by the heating which it must undergo during the 
process of manufacture into the pavement. The quantity of 
asphaltic cement is 50 grams. It is advisable to accurately weigh 
the quantity of cement used for this test before it is heated, so that 
any loss may be determined by ascertaining its weight after having 
been heated. The receptacle used to contain the asphalt cement 
while heating is a tin box, 2} inches in diameter by # of an inch 
in depth, having a flat bottom. I have chosen this receptacle as 
it is a standard size tin box that can be bought on the market, 
in this way the cost of the box being so small it can be discarded 
after each test. While the sample is being heated it should be 
stirred from time to time so as to break up any skin that may 
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form on its surface which would protect it from evaporation and 
oxidation. After the asphalt cement has been heated as above 
described it is allowed to cool, and its consistency by penetration 
is again taken at 77°F. The difference between the penetration 
before heating and that after heating is the amount of hardening 
which the sample has undergone. 

It is to be hoped in the near future that an improved modi- 
fication of this test can be adopted on the following lines: As 
there is considerable variation in the degree of temperature at 
which different asphaltic cements become sufficiently liquid to 
mix with the mineral ingredients, this test would be more practical 
if the cements were tested at the temperatures at which it is 
practical to work them. As for example: One cement may be 
so fluid at 250° as to be capable of mixing just as well as another 
one at 300°. In the testing of these two cements it would only be 
necessary to test the one at 250° and the other at 300°. This 
modification in the test will be adopted as soon as an apparatus 
has been perfected for determining the viscosity of molten asphalt 
cements at high temperatures. 

I have found that all the desirable asphaltic cements on the 
market at the present time are capable of meeting the following 
requirements when tested as above described: They will not lose 
by volatilization over 5 per cent. by weight, and will not be hard- 
ened more than 50 per cent. by this heating. 

Change Due to Aging.—All bitumens undergo a more or less 
rapid change with aging that appears to be due to two or possibly 
more causes. Two distinct changes manifest themselves. One 
is the surface hardening, which is likely due to oxidation, and 
possibly to the volatilization of some light oils. It begins at the 
surface and gradually extends into the bitumen. The other is 
a hardening of the entire mass, evidently due to condensation of 
molecules. Both these changes take place in all bitumens, but 
one or the other may predominate. The former is much the 
less objectionable, as it makes but slow progress into the mass. 

The best method for determining the aging of the asphaltic 
cement, although it is somewhat slow, is as follows: The asphaltic 
cement is placed in a sample tin, and its consistency by penetration 
determined at 77° F. This sample is then put away in some place 
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protected from the dust, but without a cover, so as to have free 
access of the air. At the end of two weeks or a month the con- 
sistency of the sample is again tested at the same temperature, 
when it is again put away. This testing every few weeks is kept 
up until the sample is appreciably hardened. A slanting cut is 
then made into it with a sharp, thin knife, laying over the upper 
piece, thus exposing a gradual descent from the surface into the 
interior of the cement. Penetrations are now taken down the 
side of this cut, beginning at the surface. In this way the increase 
in hardness of the surface’ and the interior over its original con- 
sistency is determined also, the hardening of the surface over the 
interior and the depth that the surface hardening has entered the 
sample. 

Another method which I have lately employed, and which is 
somewhat more rapid, is by taking an asphaltic cement of known 
consistency by penetration at 77° F., and spreading 50 grams of 
it on a piece of plate glass 9 xg inches square. The plate thus 
coated is placed away in a dust-proof drawer. At the end of two 
weeks or a month the coating is scraped from the plate by a 
steel straight-edge, and molded into a suitable receptacle at the 
lowest temperature possible. The consistency by penetration is 
again taken, and the increase in hardness of the asphaltic cement 
indicates its rapidity of aging. This method, of course, does not 
differentiate between the two hardenings. 

As all asphaltic cements are not of the same degree of purity, 
it is necessary for comparison that the tests for their physical 
properties be made on a basis of the pure bitumen. For this 
reason it is necessary to ascertain the relation existing in the vari- 
ous tests made on the asphaltic cement, and the pure bitumen it 
contains. After such a ratio has once been established, test can 
be made on the asphaltic cement, and allowance made for the 
impurities other than bitumen. Due allowance can then be made 
in comparing the results of physical determinations on cements 
of different purities. 

The pure bitumen is obtained from an asphalt or asphaltic 
cement by extracting with carbon disulphide and evaporating off 
the solvent. The procedure that I have found to give the best 
results is as follows: Sufficient of the asphalt or asphaltic cement 
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to give 30 grams of pure bitumen is placed in a large Erlenmeyer 
flask. Between 300 and 4oo c.c. of carbon disulphide is added, 
the flask corked and then shaken from time to time until none 
of the asphalt is seen adhering to the sides or bottom, after which 
the flask is set aside and allowed to stand for 24 hours. The 
carbon disulphide is then decanted off carefully from the residue 
into a second flask. The residue is again treated with 200 or 
300 c.c. of the solvent and shaken as before. After the solutions 
in the two flasks have been allowed to subside for 24 hours, 
the contents are carefully decanted off on to an asbestos filter, 
passing the contents of the second flask through the filter first. 
The solvent containing the bitumen is then distilled in a flask 
until just sufficient remains to have the contents liquid. It is 
then poured into a flat evaporating dish and further heated on the 
steam-bath, stirring from time to time, until the greater part of 
the carbon disulphide is evaporated. About 4 c.c. of water is 
next incorporated into the residue of bitumen and the heating 
continued over a burner until all foaming ceases, after which it 
is kept at 300° F. for ten minutes. While heating over the burner 
the bitumen should be stirred constantly with a thermometer and 
care exercised that the temperature is kept constant at 300° F. 
It is doubtful whether in all cases the last traces of carbon disul- 
phide are removed, even by this method, and it is also likely that 
the pure bitumen obtained in this way is often slightly harder 
than that contained in the original asphalt or cement; but its 
physical properties, as far as ductility and susceptibility to change 
in temperature go, will be relatively the same, and a sufficiently 
close approximation can be made of the consistency of the bitumen 
in the original sample to answer all practical purposes. As the 
removal of the last traces of carbon disulphide is very difficult, 
and a soft bitumen is liable to be hardened in so doing, I make 
it a practice, wherever it is possible, to extract the bitumen from 
an asphalt before it has been softened into the paving cement. 
In this way I find it easier to remove the last traces of solvent 
from this hard bitumen, and at the same time with relatively 
less hardening. This bitumen from the asphalt is then fluxed 
into a paving cement by adding to-it an amount of flux equivalent 
to that used in making the paving cement from the asphalt. It 
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is fortunate that nearly all the asphalts met with in commerce that 
are not pure bitumen are of a hard nature, so that the above 
method is applicable in practically all cases. This of course does 
not apply to bituminous rock, and the only way possible to 
estimate their quality is by examining the extracted bitumen, 
which is done as just described. It is well to note here that in 
cases where the bitumen hardens materially in the removal of the 
solvent, such a bitumen will be rejected by hardening too much 
in the heat test. 

I have found that it is not safe to estimate the ratio between 
an asphaltic cement and the pure bitumen it contains on theo- 
retical reasoning, as the impurities in different asphalts produce 
different physical effects. For instance: A Trinidad asphalt 
cement which contains 36 per cent. of impurities other than 
bitumen has a penetration of 40. The pure bitumen of the cement 
has a penetration of 58. A Bermudez asphalt cement containing 
5 per cent. of impurities, and having a penetration of 50, con- 
tains a bitumen of 56 penetration. In the first case we have impuri- 
ties of 36 per cent., making a difference of 18 in the penetration 
between the asphalt cement and the pure bitumen it contains, 
while in the latter case 5 per cent. impurities makes a difference 
of 6 penetration between the two. 

Chemical Tests—There has been but little done that is of 
practical value in chemical tests on bitumen, and there is so much 
confusion in what has been done that it is difficult for anyone 
without considerable experience and knowledge of the subject 
to distinguish what is of practical value. One source of con- 
fusion in the examination of asphalts by chemical means results 
from the careless statement of methods of analysis given in some 
of our standard text-books. An example of this is found in 
Sadtler’s Hand-book of Industrial Organic |Chemistry, page 42. 
He states: “When on the other hand the asphalt is to be con- 
sidered with reference to its value for asphalt paving purposes, 
it is necessary to examine into the quality of the bitumen. For 
this purpose the total bitumen (amount soluble in carbon disul- 
phide), organic not bitumen, and ash are first determined. Then 
the amount soluble in petroleum naphtha (so-called petrolene) is 
ascertained. The difference between this and the total bitumen 
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is called asphaltene. . . . Instead of petroleum naphtha and 
carbon disulphide, acetone and chloroform may be used with 
advantage for extractions.” While there is but slight difference 
between the results obtained from carbon disulphide and those 
obtained by chloroform extraction, yet there is no similarity at all 
in the solvent power of acetone and petroleum naphtha, and for 
this reason the results are not comparable. By the exercise of a 
little care in the compiling of such books a great benefit would 
result to those who have not the time to go deeply into the subject. 

An illustration of the confusion resulting from the intro- 
duction of acetone as a solvent is found in the second edition of 
Stillman’s Engineering Chemistry, page 438. He here gives a 
method of analysis by which the asphalt is first extracted with 
acetone and then by chloroform as recommended by Sadtler, and 
calls the material, extracted with the acetone, petrolene. He then 
goes on to give the method of L. A. Linton (J. A. C. S. 18, 375), 
in which the asphalt is first extracted by petroleum ether, then 
turpentine, and afterward with chloroform. He here speaks 
of the bitumen that has been extracted with petroleum ether 
as petrolene. If the bitumen soluble in petroleum ether is to 
be called petrolene, surely the same author should not make the 
mistake and call a totally different set of hydrocarbons, that are 
dissolved out by acetone, by the same name. There is yet another 
class of bodies derived from asphalt that are known by the name 
of petrolene. In 1837 Boussingalt subjected an asphalt to the 
process of distillation, naming the liquid which distilled off 
petrolene, and the residue left in the retort asphaltene. Dr. H. 
Enderman subjects asphalts to the Boussingalt process, applying 
his terms to the distillate and residue which he obtains. Here 
are three distinct methods of separation applied to asphalts, each 
separation producing totally different complexed compounds, yet 
the same terms, petrolene and asphaltene, are applied to the 
products obtained in each separation. This leads to so much 
ambiguity in the subject that I can see no way to right things 
but by the abandonment of the names petrolene and asphaltene. 
I would advise the use of terms naphtha soluble, acetone soluble, 
etc., for the products extracted with these solvents. 

Still another error into which people are led by some literature 
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on the subject, when they first take up the study of asphalt, is 
the belief that petrolene and asphaltene are each a definite chemical 
compound. The petrolene and asphaltene obtained in any of 
the processes mentioned are not simply compounds, but com- 
plexed mixtures of many chemical compounds, and petrolenes 
and asphaltenes derived from different asphalts are totally different 
from each other in their composition, and for this reason such 
determinations on asphalts can bear no relation whatever to their 
physical properties or suitability for paving. I cannot too highly 
recommend to all who are at all confused about the nomenclature 
and analysis of asphalts that they read the most excellent chapter 
in the Bulletin of the University of Texas, No. 15 (“ Coal Lignite 
and Asphalt Rocks”), by Henry W. Harper. He discusses most 
comprehensively the ambiguity of the methods and nomenclature 
of this subject. His results on the bromine absorption applied 
to different so-called petrolenes and asphaltenes are evidence 
sufficient that these complexed compounds differ in composition 
in every asphalt. 

Bitumen Soluble in Carbon Disulphide—It is usually con- 
sidered that all the cementing material of an asphaltic cement is 
soluble in carbon disulphide, but there is good ground for the 
belief that this is only approximately true and that the carbon 
disulphide in some cases dissolves materials that play no more 
part in the cementing than so much sand, while in others it leaves 
part of the cementing material undissolved. As, however, we 
have no means at the present time of determining the absolute 
quantity of cementing material in an asphaltic cement, and as 
the quantity soluble in carbon disulphide is as close an approx- 
imation as any, and this solvent is more generally used than any 
other, I advise adhering to its use. It is for this reason that the 
use of chloroform or turpentine, as advised by some analysts, 
because it dissolves a little more from asphalt than does carbon 
disulphide, is not only unnecessary, but not advisable. There 
are numerous methods applied to the extraction of asphalt with 
carbon disulphide, the important ones of which can be found in 
Allen’s Commercial Organic Analysts, vol. ii., part li. Most of 
these methods are based on separating the insoluble matter from 
the soluble matter by filtration, and no correction is made for 
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finely divided material, other than bitumen, which passes through 
the filter. From investigation I find that more or less finely 
divided mineral matter and organic matter not bitumen passes 
through the filter. It is claimed by some that this mineral matter 
is all in chemical combination with the bitumen, but I often find 
in the examination of paving mixtures that the finely ground 
limestone which is used in the mixture is found in the filtrate. 
I also find that the filtrate from some asphalts invariably contains 
finely divided organic matter which will subside on standing. It 
is seen from the above that for a method to be the most accurate, 
filtration cannot be depended on, for even though the filtrate be 
evaporated off and burnt, in which a correction for the mineral 
residue passing the filter is made, the insoluble organic matter 
which has passed the filter is burnt off and considered as bitumen. 
It is for this reason that a method in which a long subsidence is 
used is the most preferable. The following is a method which I 
find, from long experience, gives the most accurate results: The 
asphalt, or like substance, is spread in a thin layer in a suitable 
dish (nickel or iron will do) and kept at a temperature of 225° F. 
until it practically stops losing in weight. The greater part and 
in some cases all the water and some light oils are expelled in this 
way. From 2 to 10 grams (depending on its richness in bitumen) 
of this substance is weighed in a large-sized test-tube (8 inches 
long by 1 inch diameter), the tare of which has been previously 
ascertained. The tube containing the substance is then filled to 
within 14 inches of the top with carbon disulphide and allowed 
to stand for a few minutes. Then the tube is tightly corked with 
a good sound cork. It is then shaken vigorously until no asphalt 
can be seen adhering to the bottom. Care should be taken while 
shaking to keep one finger on the cork to prevent its being blown 
out. The tube should then be put away, still corked, in an upright 
position and not disturbed in the slightest way for two days, 
after which the carbon disulphide is decanted off into a second 
tared tube. As much of the solvent should be poured off as is 
possible without losing any of the residue. The first tube is again 
filled with fresh carbon disulphide and shaken as before and put 
away for two more days. The second tube is also corked and 
put away in an upright position. At the end of two days the 
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contents of these two tubes are decanted off on to a weighed 
Gooch crucible fitted with an asbestos filter, the contents of the 
second tube being passed through the filter first. The residue in 
the second tube is then treated with about 2 c.c. of carbon disul- 
phide, care being exercised to disturb it as little as possible, the 
treatment merely being to remove the small portion of solvent 
containing bitumen. A Gooch crucible is then washed with clean 
carbon disulphide until the filtrate is colorless. The crucible 
and the two tubes are then dried at 225° F., and weighed. The 
filtrate containing the bitumen is evaporated and the bituminous 
residue burnt, and the weight of the ash added to that left in the 
two tubes and Gooch crucible. The sum of these weights deducted 
from the weight of the substance taken gives the weight of the 
bitumen extracted. 

The practice of some analysts to first extract the bitumen 
soluble in naphtha or other solvent, and then extract the remaining 
bitumen with carbon disulphide, is not safe with some asphalts, 
as some of this residual bitumen is apt to be rendered insoluble, 
possibly by oxidation while driving out the first solvent. 

Bitumen Soluble in Naphtha.—The amount of bitumen soluble 
in naphtha, as has been before explained, is of no value excepting 
as generally indicating within broad limits the degree of hardness 
of an asphalt. The only advantage of this test is that it requires 
no other apparatus other than is found in everychemical laboratory, 
and if standard methods could be adopted for its use, making a 
determination for the bromine absorbed on the naphtha-soluble 
bitumen and the bitumen insoluble in naphtha, the test might be 
made of interest in the examination of asphalts. The statement 
often made that an asphalt which contains more than 30 per cent. 
of asphaltene (bitumen insoluble in naphtha) is unsuitable for 
paving is not founded on facts. It does not matter how much 
asphaltene an asphalt contains so long as it can be softened into 
a proper cement by the addition of a suitable flux. I have, myself, 
seen asphalts which contained over 50 per cent. of asphaltene 
made into paving cements, and excellent pavements made there- 
with. It is also occasionally seen stated that the suitability of an 
asphalt cement for paving can be determined by examining the 
petrolene which it contains. This has been denied by Professor 
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Peckham, who insists ‘“‘that the bitumen of Trinidad pitch con- 
sists of asphaltene dissolved in petrolene, and that its cementitious- 
ness is just as much due to one as the other. Sand cannot be 
cemented with either petrolene or asphaltene alone, neither can 
wood be cemented with either water or glue alone. The cementi- 
tiousness depends upon the amount and quality of the bitumen 
present.” I agree heartily with this remark of Professor Peckham 
in all respects but one, and that is: I would say that an asphalt 
consists of asphaltene in a more or less perfect solution of 
petrolene, as I find that in nearly all cases that while a portion 
of the asphaltene is evidently in solution in the petrolene there 
is another portion which exists in what might be called a colloidal 
solution. 

I have adopted the following method for the determination of 
the bitumen soluble in naphtha: A quantity of the asphaltic 
material sufficient to contain about 1 gram of bitumen is weighed 
into a 3-ounce Erlenmeyer flask. This is treated with 50 c.c. of 
naphtha. The flask is then corked and shaken several times during 
the first two or three hours, when it is placed away for twenty-four 
hours. The solution is then carefully decanted on to a weighed 
Gooch crucible with an asbestos filter. This decanting can be 
done very close, and it does not matter if some of the residue 
does flow into the crucible. The residue is then treated with 
consecutive portionsof naphtha until the filtrate becomes practically 
colorless. The sum of the weights of the residue in the flask and 
in the crucible is deducted from the weight of the substance taken, 
and gives the amount of the bitumen soluble in the naphtha. 

As the solvent power of different naphthas varies, it is very 
essential that the same naphtha be used each time for making this 
determination, and it is also necessary to make the extraction at 
the same temperature each time, as the higher the temperature 
the more solvent action is exerted by the naphtha. It is for this 
reason that I do not advise the use of the Soxhlet or other forms 
of extracting apparatus that use return condensers, as it is next 
to impossible to have the extracting solvent at the same temper- 
ature for each extraction. If the extracting is done by the method 
which I have described, the naphtha will be the temperature of 
the laboratory, which is usually quite constant. The naphtha 
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which I use for extracting distils between 60° and 80° F., and 
has a gravity at 60° F., closely approximating 0.680. 

Action of Water on Pavements——The action of water on 
asphalt pavements has, in the past, received little or no consider- 
ation from engineers. This question, I believe, is a very important 
one, and the asphalt should be examined to determine whether 
or not it is attacked by water or moist air. There are many 
failures resulting from this action that have been blamed to other 
causes in the past, and a more thorough study of this subject is 
much to be desired. 

A simple method which I have adopted to ascertain the 
rapidity of the action of water is by coating a piece of glass with 
the asphalt paving cement, and partly immersing this coated glass 
in water. The coating is examined at intervals, and the time 
noted when the first discoloration or action is noticed on the 
surface of the sample. 

Another method which I sometimes use is by molding two 
1-inch cubes of the paving mixture under a fixed pressure. This 


mixture is made with a standard sand, and the same amount of - 


bitumen used each time. One cube is immersed in water while 
the other is kept in air. These cubes are examined at the end 
of a month or two, and any increase in the volume or softening 
of the one in water over the one kept in air is noted. 

The tests which I have given in this paper are only applicable 
to asphaltic cements which are ready to be combined with the 
mineral matter in the making of sheet asphalt pavements. The 
examination of asphaltic cements for asphalt block pavements 
is somewhat different. 
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DISCUSSION. 


CLIFFORD R1cHARDSON.—While Mr. Dow’s paper is, in many Mr.Richardson. 
respects, of considerable interest, it appears to be open to criticism 
in certain directions. 

In the first place, I believe that denominating the hydro- 
carbons and their derivatives, which are extracted by naphtha as 
petrolene and those soluble in bisulphide of carbon and similar 
solvents as asphaltene, is open to serious criticism, as the materials 
extracted are in no sense homogeneous. I prefer the use of the 
terms “petrolenes” and ‘‘asphaltenes,” as representing classes of 
substances soluble in these liquids, without any attempt to desig- 
nate them as any particular substance. When used in this way 
the terms admit of no misunderstanding or confusion, especially 
if the specific gravity of the naphtha is stated and the method in 
which it is used is carefully described, more especially the tem- 
perature at which it is employed. 

In regard to Mr. Dow’s determination of ductility, I would 
call attention to the fact that the rapidity or stress under which the 
prisms were drawn out would make a very decided difference in 
the ductility of any asphalt cement and that the conditions em- 
ployed in his test should also be definitely stated. 

In regard to the action of water on asphalt, I believe that 
laboratory experiments form no basis for drawing conclusions as 
to the results which would occur in the pavement. There is no 
question but that when an asphalt, such as that from Trinidad pitch 
lake, is exposed to the continued action of water it deteriorates to. 
a certain degree after a considerable length of time. As it is used 
in an asphalt surface for pavements, such action does not take 
place, owing to the fact that if the mineral aggregate of the surface 
is properly graded, the latter is so compacted that water is unable to. 
penetrate and act upon the cement. Where the mineral aggregate 
is not properly graded and porous, such action may take place, 
but in well-constructed surfaces, such as that on Fifth Avenue in 
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New York, no deterioration has been noticed in the course of sever 
years. In the field with which Mr. Dow is more particularly 
acquainted, Washington, D. C., the sand used in the construction 
of the asphalt surface is not of such a character as to render it 
possible to make most desirable mixture. This, combined with 
the fact that the Portland cement base in use in Washington is 


very porous, as it consists of a 1-3-7 concrete, accounts for much - 


of the deterioration noted in that city Under similar circumstances, 


in New Orleans, Detroit, and elsewhere, asphalts which are not. 


attacked at all in the laboratory, under the conditions prescribed 
by Mr. Dow, have suffered equally with Trinidad lake asphalt. 
The remedy for any such action lies in the use of a suitable base 
and protection of the pavement from the continued action of water 
by proper drainage. 

The presence of illuminating gas from leaky mains in itself 
is sufficient to destroy an asphalt surface, and much of the deterio- 
ration of such surfaces which is attributed to water is due to the 
combined action of gas and water, the action of either one being 
much increased by the presence of the other. 

Practical experience has shown, in over eighty cities in the 
United States, that it is the lack of proper conditions under which 
the pavement is laid, rather than the asphalt itself which are at 
fault for the deterioration of such surfaces, and that the substitu- 
tion of one asphalt for another will not accomplish the results 
which Mr. Dow’s laboratory tests lead him to believe would be 
the case. 

A. S. CusHMan.—I do not altogether agree with Mr. Dow 
in his opinion as to the effect of water upon asphalt pavement. 
While admitting that water has, to a slight extent, a deteriorating 
influence on bituminous pavement, I believe that its action on 
a well-laid pavement is small. The best proof of this is to be 
found in the numberless miles of asphalt pavement which has 
stood the test of years. In my opinion the special cases of 
unusual and rapid deterioration can be traced to the action of 
illuminating gas or other agent in connection with the water. I 
must also take exception to Mr. Dow’s requirement under his 
heading number (5), viz.: ““The pavement must not contain any 
material that is acted on by water,” etc. Probably all bitumens 
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are slightly acted on by water. Some asphalts, as is well known, 
contain a small proportion (0.2 per cent. to 0.3 per cent.) of soluble 
salts, and yet it hasnever been proved that such amaterial is unsuit- 
able for paving. On the contrary, many miles of streets are paved 
successfully with just such asphalt. I must also disagree with Mr. 
Dow as to water working into a pavement which is pliable under 
the passage of traffic. Brittle porous materials are more apt to 
absorb water than dense pliable ones, and in my opinion the life. of 
a pavement depends more upon proper construction than upon 
the presence of a minute quality of soluble substances. 

Cartes M. Mri1s.—I should be pleased to have an expres- 
sion of opinion as to the relative durability and efficiency for water- 
proofing underground of rock asphalt, lake asphalt, and of mastic 
into which rock asphalt enters as an ingredient. With the number 
of tunnels and rapid transit subways under construction and con- 
templated, the question of the proper materials to be selected for 
waterproofing is important. The resistance of the various mate- 
rials to injury by the action of gas, liquids, sewer leakage, and oil 
used at street railway switches is an important element to consider 
where tunnels are built under the streets of a city. 

Mr. RicHarpson.—As to the applicability of asphalt for water- 
proofing purposes, the best native bitumen will not give satisfactory 
results unless it be properly applied, in the same way that the best 
Portland cement might fail if improperly used. Bituminous water- 
proofing, when done with skill, is entirely satisfactory, as was 
evident from the complete success of such linings in the Queen 
Lane Reservoir at Philadelphia and numerous other places. In 
order to produce a satisfactory bond between concrete and a water- 
proof course, the concrete should be first painted with an asphaltic 
paint composed of asphalt dissolved in 62° Beaumé naphtha, 
as otherwise the bond might not be obtained. Asphalt water- 
proofing has proved entirely satisfactory in the subway in New 
York, and has been adopted for the subway in Philadelphia. 

A. W. Dow (by letter).—In answer to Mr. Richardson’s com- 
ments on the portion of my paper relating to the action of water on 
asphalt, I would say that my conclusions are not drawn only from 
laboratory experiments, but from practical results observed in 
actual pavements. I have noticed that pavements made from 
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some asphalts are more readily acted upon by water than those 
made from others, and the difference is very distinct. It is from 
this condition in the pavement that the laboratory tests for the 
action of water on asphalt which I give in my paper, and to which 
Mr. Richardson objects so strongly, were instituted. 

I agree with Mr. Richardson that the compactness of a pave- 
ment has considerable to do with the rapidity of the action of 
water upon it, but I notice that the most compact pavements made 
with asphalt that is readily attacked by water disintegrate much 
more rapidly than do the most porous pavements made with an 
asphalt that is not readily acted on by water, when they are both 
subjected to damp concrete. As regards that which Mr. Richard- 
son says about the mineral aggregate which we use in Washington 
being not properly graded and porous: It is possible that Mr. 
Richardson does not remember the character of our mineral 
aggregate, for I have seen several reports made by him to the 
Barber Asphalt Paving Company, of Washington, D. C., compli- 
menting them on the character of this aggregate. 

I must deny what Mr. Richardson says about the porous 
condition of concrete, made 1-3-7, being partly responsible for 
the rotting of any pavements. Mr. Richardson is well acquainted 
with the fact that such a formula for concrete was not used prior 
to two years ago, and as yet we have not noticed any pavements, 
laid on such concrete, rotting. We have, however, pavements 
rotting from the action of water on concrete eight inches thick, 
and made 1-2-44. My observations are not alone confined to 
Washington, but have extended over many cities. 

Mr. Richardson admits that Trinidad asphalt is more readily 
attacked by water than any other known asphalt, when exposed 
to continuous action. It is a well-known fact that any concrete 
exerts a capillary action through its pores, and that if the subsoil 
is at all damp, moisture will be drawn up through the concrete. 
In many cases the subsoil is continually wet, and in such cases 
the pavement in contact with the concrete is under the continued 
action of water. But the subsoil is not the only conductor of 
water. It may enter in various ways from the surface. 

I agree with Mr. Richardson that one of the remedies for 
such action is in the construction of a suitable base. I have 
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examined many asphalt pavements that have been laid over other 
old smooth pavements, and have never found any that showed 
the slightest action of water unless there was a railroad track or 
some such break in the pavement which would allow water to 
enter from the surface. I believe that on streets where there are 
no railroad tracks or other like cuts through the pavement, a 
properly constructed base would be practically a remedy for the 
action of water, which I find so detrimental to pavements. One 
form of base which I would suggest would be a layer of broken 
stone on the subsoil, 4 to 6 inches deep, depending upon the char- 
acter of the soil. On this lay the regular concrete base for the 
pavement. Such a course of broken stone would prevent any 
moisture coming in contact with the bottom of the concrete base, 
and thus prevent it drawing it up to the asphalt surface. If there 
were any hydrostatic pressure such a subsoil could be effectually 
kept dry by sub-drainage under the gutters. 

Illuminating gas has a softening action on asphalt pavements, 
and with water present a more rapid disintegration takes place, 
but it is a simple matter to determine whether a pavement is being 
acted on by gas, for it is very readily detected by the odor and 
by the extraction of gas in the laboratory. There are many cases, 
however, where I have observed pavements disintegrating from 
water action when there is no gas-main or pipes under the pave- 
ment. 

In answer to Mr. Mills’ inquiry as to the durability and effh- 
ciency of waterproofing with different asphalts: There is very 
little known about the subject of waterproofing with asphalt at 
the present time, and I believe it should be treated very cautiously. 
Whipple and Jackson, in examining asphalts for waterproofing a 
Brooklyn reservoir, found that all asphalts were acted on, to a 
certain extent, by water; some much more than others. It is well, 
in selecting an asphalt for such waterproofing, that one be selected 
that is but slightly acted on by water, and I would advise putting 
the asphalt on in heavy coats, preferably with asphalt paper. 


Mr, Dow. 


SOUNDNESS TESTS OF PORTLAND CEMENT. 
By W. P. Taytzor. 


For all purposes of construction a good cement must possess 
two essential qualities, strength and durability, and of the two the 
second is by far the more important. Few if any cements, pro- 
vided they are well handled, will fail because of lack of strength 
alone, so it may be generally stated that the chief purpose of the 
testing of cement is to determine its permanency, and yet less is 
probably known concerning the various tests for soundness than 
any of the others, and certainly no test is more frequently abused. 

The most important factor operating in a cement to cause 
unsoundness is an excess of lime, either free or loosely combined, 
which has not had opportunity to become sufficiently hydrated. 
The presence of this lime may be due to incorrect proportioning, 
to underburning, to lack of seasoning, or to coarseness of grinding, 
which prevents perfect hydration. An excess of alkalies is also 
sometimes responsible for disintegration, while the presence of sul- 
phate of lime acts in the opposite direction and tends to make good 
an otherwise unsound cement, at least as far as laboratory tests are 
concerned. 

For determining soundness in Portland cements three general 
forms of tests have been used: (1) Direct measurement of expan- 
sion. (2) Normal tests. (3) Accelerated tests. 

In this country direct measurement of expansion has never 
been extensively used, although abroad it has been, and is even 
still occasionally employed as a test for the determination of dura- 
bility, in spite of the fact that it has been shown that a cement may 
give a high expansion as a whole and yet be entirely free from any 
tendency to disintegration. The old “lamp chimney” test is the 
only form of this determination ever employed at present, and its 
use is rapidly dying out as the properties of cement are becoming 
better known. 

Tests of soundness are therefore ordinarily limited to the 
normal and accelerated tests on pats, cakes, and briquettes of 
neat cement. The normal test in air and water is unquestionably 
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the only perfectly fair method of determining the permanency of 
a cement, yet in practice the element of time usually makes impera- 
tive the use of some form of accelerated test, which is supposed 
to hasten any expansive action and to cause any possible failure 
of the material in a few hours, instead of in the weeks or months 
usually required for a normal pat to develop unsoundness. 

The most common forms of accelerated test used are: 

. The boiling test. i 

The steam test. 

. The hot water test. 

. The flame test. 

The kiln test. 

. Tests under pressure of steam, hot air or hot water. 

. Strength tests of briquettes kept under some of these 
conditions compared with normal briquettes. 

Of these tests the first three—those in steam, hot water, and 
boiling water—are by far the most important, not necessarily on 
account of their accuracy or reliability, but because of their almost 
universal use. 

The Philadelphia Testing Laboratories have, in the last few . 
years, had opportunity to investigate very thoroughly the action of 
cements under accelerated tests, and, owing to their rather unusual 
facilities regarding the quantity and the variety of tests made, 
have accumulated some very interesting data, some of which will 
be given here. The records of the laboratory not only include a 
full series of physical tests, but also chemical analyses, tests of the 
strength of the concrete as used, and also records of the actual 
condition of the materials as found in the work. 

In regular routine the accelerated test is made in boiling water 
on cakes of cement, in the form of a small egg about one inch on 
its long diameter, which are kept in moist air for twenty-four hours, 
then placed in cold water which is gradually raised to the boiling- 
point and maintained at that temperature for three hours, after 
which the specimens are removed and examined. Tests in steam, 
hot water, and in combinations of these treatments, for varying 
lengths of time and for varying ages of the specimens, are also 
frequently made for purposes of comparison and for general 
investigation. 


I Aum B® WH H 


376 TAYLOR ON SOUNDNESS TESTS OF PORTLAND CEMENT. 


The condition in a cement most affecting the result of an 
accelerated test is its age or the amount of seasoning it has under- 
gone. Every cement, no matter how well proportioned and 
burned, will contain at least a small amount of free or loosely 
combined lime, which will usually cause unsoundness if used or 
tested at once. This lime, however, will hydrate in a very short 
time on exposure to the air, thus rendering it inert and preventing 
any expansive action. It will, therefore, be found in a large 
majority of cases that if a cement failing in the accelerated tests. 
be stored for two or three weeks, this unsoundness will disappear, 
and the cement pass the tests with ease. A typical case of this is 
shown in Table I. It will be noticed in this case that the cement 
has been made thoroughly sound by a seasoning of five weeks. 
The early strength values of the neat tests are also seen to fall 
off decidedly, while the sand tests generally show a slight increase. 


TasLe I.—Errect oF AGE OF CEMENT ON RESULTS OF BortInG TEs?T. 


| Tensile strength. 
| Normal pat tests. 


A P| Neat. | 1:3 sand. 
fc:0l | ae | msg asis wh SS es 
cement | | Boiling test. 
when | ae ee a | 
tested.) ns ze | EY 
pos 2 8 S | %daysinair. | 28 days in water. 
ol a N bad | N | | 


= : | = | 
lweek 550} 765, 762 > 171) 225 | Curled and soft. Slightly checked. Partly disinte- 


| _ grated. 
2 weeks} 548 | 767) 771! 170] 246 | Slightly curled. Slightly curled. bce eye 
| | | | cracked. 
See 492 | 1718 763 182 | 244 |*O, K.” it Oe esr Slee 
| | checked. 


Be NN AT 692) 747 1 TBs) 249 Os Kar? hee ytd ‘Sound. 
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Coarseness of grinding is also a frequent cause of unsoundness 
for the reason that the larger particles are not readily susceptible 
to hydration, and contain for a long period of time expansive 
elements, which very rapidly develop a disintegrating action when 
treated in the accelerated tests. Table II. shows a typical instance 
of this action. 
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One week old Two weeks old. 


Three weeks old. Five weeks old. 


Fic. 1.—Cakes of cement of different ages subjected to the boiling test.* (Table I.) 


TABLE II].—EFFEcT OF FINENESS OF GRINDING ON RESULTS OF BOILING TEsT. 


Fineness. 


| No. 50. |No. 100. No. 200. 


Condition of cement. Boiling test. 


As received Peete RPO oat ' 0.6 | 18.2 


| 33.4 Badly checked and cracked. 
Same sifted A 5 5 “ 0.0 | 0.0 0.0 | Sound. 
Same ground . : - ~ ; 0.0 | 0.6 | 3.0 Checked and cracked. 
Ground cement, one week later . 0.0 0.6 | 3.0 Very slightly checked. 
ry oe two weeks later . 0.0 0.6 3.0 | Sound. 
As received, two weeks later . ‘ 0.5 13.2 | 33.4 | Checked and cracked. 


* Acknowledgment is made to the Engineering News for the cuts used in 
this paper. 
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No. 1. Cement as received (tested No. 2. Cement finely ground (tested 
two weeks later than No. 3). same time as No, 3). 


No. 3. Cement as received No. 4. Cement finely ground (tested 
(very coarse). one week later than No, 3). 


No. 5.. Cement finely ground (tested No. 6, Cement as received (sifted to 
two weeks later than No. 3). pass No. 200 sieve). 


Fic. 2.—Cakes of cement of different fineness and varying age subjected 
to boiling test. (Table I.) 
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The objection most frequently made to accelerated tests, and 
particularly to the boiling test, is the great variance in the methods 
used; different laboratories using different forms of test piece, and 
different periods of time before the test and for its duration. The 
variance in the results obtained under these several methods is, 
however, far less than it is generally supposed. The form of the 
test piece has practically little or no influence on the results, 
whether it be a cake, a ball, a wedge, or a pat, if the duration of 
test be sufficient. In a large number of tests made recently by 
the writer to determine how the results obtained from test pieces in 
the forms of pats and eggs varied, no differences were observed 
except in one instance, where the pat seemed to show a slight 
checking, while the egg remained sound. The only advantage 
that the pat has over the other form is that curvature can be readily 
ascertained, but a mere curvature of the pat should not be con- 
sidered as a failure in boiling unless accompanied by checking. 
The requirement sometimes given that a pat should not leave the 
glass in boiling is not reasonable, as a small amount of expansion 
may be naturally considered normal. 

The greatest difference in the methods of conducting the 
boiling test probably lies in the duration of the treatment, different 
specifications requiring the test to be made from one to as high as 
forty-eight hours. To determine the effect of different lengths of ~ 
treatment a large number of tests on different cements were made 
and the time at which failure occurred was observed. In these tests 
it was found that of those samples which did not pass the test, 
22 per cent. failed in the first half hour, 57 per cent. failed in the 
first hour, 85 per cent. failed in two hours, 96 per cent. in three 
hours, and gg per cent. in four hours. Only 1 per cent. of the 
tests that failed developed this action in over four hours, although 
many of them were carried up to twenty-four, and a few to forty- 
eight hours; thus showing generally that a test piece of cement 
standing three or four hours of boiling will almost invariably stand 
a much greater length of time, and also that at least three or four 
hours should always be allowed for the test. 

The time allowed for the specimen to harden before it is 
tested may cause considerable differences in the results, but if 
it always be given time to fully develop hard set the differences 
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will be slight. Pats of cement allowed more than about twelve 
hours to harden will, if unsound, fail when tested by boiling at 
almost any time in the future. The writer has seen normal pats as 
old as six months and apparently perfectly sound, which when put 
through the boiling test showed a failure almost identical to that 
obtained on the original test six months previously. If, however, 
the specimen is tested before it has fully hardened, the differences 
obtained in the results are often very decided, and, curiously 
enough, may operate in either direction—that is to say, a pat of 
cement may fail more readily when one hour old than when twenty- 
four hours old, or a one-hour pat may pass the test, while the 
twenty-four-hour pat may fail. The reason for this action is by 
no means apparent, but it may be observed that in the ordinary 
case of the cement high in free lime from underburning the failure 
will usually be more marked in the fresher specimens, and that 
in the more infrequent case of the cement normally burned, but 
high in lime by reason of poor proportioning, the failure is often 
more marked in the older specimens. It would seem in this case 
that the cement was sufficiently strong to retain coherence in the 
test although insufficiently hardened, and that in this condition the 
lime was capable of becoming hydrated without causing disinte- 
gration. 

For the same reasons a treatment of the specimen in a bath of 
steam before immersion in boiling water is generally less severe 
than if the specimen be boiled without this treatment, particularly 
so if the test be made before the test piece has become fully hard- 
ened. 

It is also evident from the foregoing that tests made in steam 
alone without subsequent immersion in hot or boiling water may 
often give rise to erroneous conclusions regarding the results, 
especially if the specimens be tested soon after making. 

We now come to the very important question of the relation 
of the boiling tests to the other tests for soundness and strength 
as made in the laboratory. No one who has had much experience 
with the boiling tests questions that, although it is by no means 
infallible, the results obtained from it are generally corroborated 
by either the tensile tests or the normal tests for soundness. The 
writer has recently compiled some data in regard to this point 
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covering over a thousand tests on many varieties of cement with 
the following results: 

Of all samples failing to pass the boiling test, 34 per cent. of 
them developed checking or curvature in the normal pats—or a 
loss of strength in less than twenty-eight days. Of those samples 
that failed in the boiling test but remained sound at twenty-eight 
days, 3 per cent. of the normal pats showed checking or abnormal 
curvature in two months, 7 per cent. in three months, Io per cent. 
in four months, 26 per cent. in six months, and 48 per cent. in one 
year; and of these same samples, 37 per cent. showed a falling off 
in tensile strength in two months, 39 per cent. in three months, 
52 per cent. in four months, 63 per cent. in six months, and 71 per 
cent. in one year. Or, taking all these together, of all the samples 
that failed in the boiling test, 86 per cent. of them gave evidence 
in less than a year’s time of possessing some injurious quality. 

On the other hand, ‘of those cements passing the boiling test, 
but one-half of 1 per cent. gave signs of failure in the normal pat 
tests, and but 13 per cent. showed a falling off in strength in a 
year’s time. 

This certainly makes a very strong showing in favor of the 
boiling test, at least considered from a laboratory standpoint. 

In order to obtain some idea of the relative strengths obtained 
from cements that passed and that failed in the test, Table III. 
was compiled from 200 nearly consecutive tests of a single brand, 
too of them failing in the test and 100 passing. 


TABLE III.—CoMPARISON OF THE TENSILE STRENGTH OF BRIQUETTES PASSING 
AND FAILING IN THE Borrinc TEstv. 


Failing in test. Passing test. 
we | Neat. {1:3 sand.| Neat. | 1:3 sand. 
ftigyeees fe hu eis A 2 phy i eee ame areca 
in sts De LO 197 643i 237 
SONS oo op, ig a a A PS a aS 727 | 303 
pense Petty 8] Wail eae Bier | 812 
gmomieee ee fe) MA 1 ma eros ae Prag | 34 


It will be noticed that the early strength of the neat tests of 
those samples failing to pass the test is much the greater, while 
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the opposite is true of the sand samples. This table, while covering 
but a comparatively small number of tests, may, however, be con- 
sidered fairly typical of the relations of the strength and the boiling 
tests, although, of course, exceptions may quite often be found. 

In order to show the great value sometimes obtained from 
the results of the boiling test, several examples are given in Table 
IV. of tests of cements occurring in the regular routine work of the 
laboratory. 

The first example is particularly remarkable in that at twenty- 
eight days there was absolutely no sign of failure whatsoever except 
in the boiling test. . 

All of these samples were normal in specific gravity, fineness, 
and time of setting, and both the tensile strength and the normal 
pats passed a good test at seven days, the boiling test giving the 
only indication of an unquestionable failure occurring at a later 
period. It should also be stated that these’are not exceptional or 
“freak” cases, but examples of a common, although not frequent, 
occurrence. 


Another point of considerable interest regarding the boiling’ 
test is this: The statement is frequently made that although a ~ 


cement failing in this test may be otherwise sound, a cement passing 
the test may always be considered entirely safe; although this is 
generally true, it is by no means an invariable rule. It may often 
happen that a cement may pass the boiling test well, and yet check 
and disintegrate in the normal tests, particularly if the cement be 
slow setting, high in lime, and the test made soon after the specimen 
is molded. In these cases it seems that the boiling at first tends 
to hydrate the lime and render it inert, although it would be active 
under normal conditions. It is possible that sulphate of lime may 
act in this way in holding back the true setting of the cement, 
but giving it an artificial hardness due to its own hydration, 
thus giving it sufficient coherence to hold together in the test, 
but allowing the boiling water to act on the lime before it has 
hardened, thus enabling it to hydrate without injury. It is thus 
frequently possible to add small quantities of lime to a sound 
cement and treat it in such a way that it will pass the boiling test 
perfectly and yet fail under normal conditions. The writer has 
recently seen the photograph of a test made in which as much as 
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15 per cent. of lime was added to a cement, and boiled, with excel- 
lent results, although the normal pats failed in a very short time. 

Now, finally, we come to what is after all the most vital ques- 
tion of all, and that is the relation of the results of the boiling test 
to the conditions found in actual work, and there every tester of 
cement runs against a stumbling block, for while almost everyone 
connected with testing can cite instances of failures in boiling 
being corroborated by failure in the work, it nevertheless cannot 
be denied that in the vast majority of cases work done with cement 
determined in the laboratory to be unsound will give most excel- 
lent results in practice and show not the remotest sign of any sort 
of failure. 

This condition of affairs is due to two reasons, one of which 
can be readily explained, while the other is not so simple. 

The reason that most cement shows such a radical difference 
in the results of the laboratory and of actual use is the fact that 
almost invariably the test is made considerably before the cement 
is used, a week almost always elapsing and often as much as a 
month, thus giving it plenty of time to season, and render the 
expansive elements ineffective. The shortest time customarily 
allowed, that of one week, being very often sufficient to make 
the difference between a radically unsound cement and one which 
is normal. 

The second reason is that the disintegrating action of a cement 
is always far greater when mixed neat than when mixed with an 
aggregate, and the greater the amount of the aggregate the less 
the tendency to unsoundness. This can often be observed in the 
laboratory tests, cements often completely disintegrating in the 
neat briquettes, but retaining their strength in the sand tests. 

Table V. shows a few instances of this sort. 


TABLE V.—EXAMPLES OF FALLING OFF IN THE STRENGTH OF NEAT BRIQUETTES 
WITHOUT SIMILAR ACTION SHOWN IN SAND BRIQUETTES. 


Neat. 1:3 sand. 

| a a aa (i ne oN rae I ae EN, 

lday. 7days. 28days. 4mos. 1 year, 7 days. 28days. 4 mos. 1 year. 
* 450 782 705 392 203 180 252 309 314 
493 717 801 317 241 172 247 288 297 
429 685 793 5938 318 209 251 298 328 
473 791 790 502 291 192 267 287 801 
502 823 752 421 200 184 229 252 251 
423 802 741 511 277 212 237 290 303 
479 784 782 520 321 202 238 301 318 


461 791 797 493 290 178 261 277 276 
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In conclusion, it can be stated that although in the great 
majority of cases the results of the boiling tests can be considered 
as being indicative of the future behavior of the cement from a 
laboratory standpoint, one cannot be too careful in condemning 
cements on this test alone unless his experience has covered a large 
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number of tests and many varieties of material, and even then it 
is questionable if the rejection of cements on the results of this 
test alone is justifiable. It is often policy to hold a cement for a 
week or two, so that it may have an additional amount of season- 
ing; but to reject a cement outright will usually only result in 
much annoyance to both engineer and contractor without any- 
thing being gained. 

It is much to be regretted that, in spite of the great importance 
and extended use of the accelerated tests of cement, so little work 
of value has been done on their investigation, and it is believed 
that this Society could do nothing of greater importance to the 
cement trade than to inaugurate a systematized investigation of 
the subject, in the hope of clearing up some of the many unex- 
plained phenomena connected with it, and of devising some form 
of this test in which the results are not open to so much question. 


DISCUSSION. 


CLIFFORD RIcHARDSON.—In my opinion, -Mr. Taylor’s tests Mr-Richardson. 
on the soundness of Portland cement are by far the most valuable 
that have yet been conducted and throw much light on the subject. 
While confirming the results of German investigators, Mr. Taylor 
has carried his experiments much farther. The facts accumulated 
will be of great value to the Committee on Uniform Testing of 
Portland Cement, and in preparing uniform specifications. 

W. K. Hatr.—The results related by Mr. Taylor confirm the Mr. Hatt. 
speaker in his opinion, which is based on results of experience, 
that the boiling test, while not a perfect and always reliable instru- 
ment, is yet very useful for the city engineer of the small cities, 
who has to decide the acceptance of small lots of a variety of 
brands of cement. These city engineers of small cities receive 
considerable defective cements, some of which, no doubt, have 
been rejected from use in larger jobs. 

E. S. LARNED (by letter).—In testing cement for acceptance, Mr. Larned. 
it is the common practice to sample the shipments as soon as 
received on the work, and depending upon the requirements of 
the engineer, the cement may be held until the results of the 
24-hour, 7-day, or 28-day period have been determined. . 

The number of samples taken vary from one in five to one in 
twenty barrels, and it is a common practice to consider the average 
of the results obtained. I know of no rule governing the deter- 
mination of averages, but in my experience have found occasions 
where results of the operator are at such variance that extremes 
are frequently excluded in determining the mean. I believe these 
extremes are almost entirely due to the difference in manipulation 
of the samples rather than any difference in the quality of the 
cement. It frequently happens that one or two briquettes for a 
given period will break so much below the requirements that the 
quality of the cement might well be questioned, and yet, where 
the average is satisfactory, sometimes even including the extremes, 
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we seldom find any attempt made to exclude the barrel or barrels 
from which the poor results were obtained. Moreover, it is readily 
seen that this would be quite impracticable, so that the question 
naturally arises, Should we take the mean of the results of a number 
of individual samples, or should all the samples be thoroughly 
mixed before testing, and the mixture be regarded as representa- 
tive of the shipment considered? 

I believe there are many good reasons to support the latter 
view, and also the view of the Army Commission, recently appointed 
to fix the requirements for Portland and natural cements, wherein 
the mean of results is not taken, but only the best results in each 
series, the inferior results being ascribed to the personal equation 
of the operator. 

In connection with the tests for soundness which have been 
so ably considered by Mr. Taylor, I desire to emphasize the fact 
that the cement is not only given an opportunity of seasoning 
between the time of its arrival and its actual use, which may be 
from one week to twenty-eight days or longer, whereas the tests 
are made at once; but in the actual operations of the work, where 
the cement is unbarrelled and mixed with sand, more or less damp, 
it receives pretty thorough aeration, with some beneficial hydration 
in this operation. It is obvious, therefore, that laboratory deter- 
minations do not fairly represent the action of the cement in its 
actual use, and that engineers are coming to recognize this, I 
believe it to be shown in some of the more recent specifications, 
wherein it is stated that the boiling test, if unfavorable, may not 
be regarded as sufficient cause for rejection, and that chemical 
analyses will be made, and perhaps the boiling test repeated at a 
later period. 

R. W. Lestry (by letter)—Mr. Taylor’s paper suggests 
reference to the investigations of the Society of German Portland 
Cement Manufacturers in the matter of accelerated tests. These 
tests were carried on in connection with the Royal Testing Labora- 
tory, at Charlottenburg. 

The subject was opened up some twelve years ago by the 
Society of German Portland Cement Manufacturers, and a refer- 
ence to all the numbers of their Proceedings since 1891 shows 
experiments and reports on these accelerated tests and a constant 
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adherence to the standard pat test of the Society. In February, 
1894, the matter was brought up in a lengthy discussion by 
Tetmajer, Bauschinger, Michaelis, and Prussing, and a committee 
of the Society of German Portland Cement Manufacturers, in 
connection with the Royal Mechanical Testing Laboratory, at 
Charlottenburg, undertook the investigation. Contemporaneous 
with this discussion before the German Society, there was a 
voluminous discussion published in the Transactions of the Amer- 
ican Society of Civil Engineers, October, 1892, growing out of the 
presentation by Captain W. W. Maclay of these same accelerated 
tests. 

The German experiments in question were made with ten 
cements of different character, which were subjected to accelerated 
tests and were made into medallions and pieces of cement ware, 
and were also used in work. The final conclusions of the committee 
as reported in the Proceedings of the German Society for the year 
1goo are as follows: 


“Final Conclusions. The result of the investigation may therefore be summed 
up as determining that none of the so-called accelerated tests for constancy of 
volume is adapted to furnish a reliable and quick judgment in all cases concerning 
the practical applicability of a cement. The investigation has further proved that 
all ten cements, which withstood the pat test in the normal system of testing, are 
practically constant in volume when used in test pieces and cement wares. The 
increase in strength of the test pieces with water and air hardening speaks well 
for the practical utility of the cements. 

“The assertion quoted early in the report that the normal or standard tests 
were insufficient, particularly when the cement is to be hardened in the air in its 
practical application, has received no confirmation by the investigation of the com- 
mission. Nevertheless, the commission is ready to carry out still further investiga- 
tions and requests the sponsors for the accelerated tests for soundness to provide 
sufficient quantities of such cements as pass the normal tests do not satisfy the 
accelerated tests and prove unsound in practical service. The cement should be 
sent to the Royal Testing Laboratory until October 1, 1900. Until it has been 
possible to discover a test for soundness which is reliable and can be carried out 
in a shorter time than the standard test, the pat test of the normal specifications 
must be retained as decisive. In the practical use of Portland cement, it is never- 
theless to be recommended for such exceptional cases as require the cement to be 
subjected to high temperatures, that the tests be conducted under similar condi- 
tions of high temperature as the above-mentioned accelerated tests.” 

Two years later, these tests having been carried out for a still longer period, 
the Society of German Portland Cement Manufacturers reported as follows: 

“After having made tests for the length of two years, the Commission for 
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Deciding as to the Constancy of Volume and Adhesive Power of Portland Cement 
came to the conclusion that none of the so-called accelerated tests, boiling tests 
etc., was capable of affording in all cases a quick and reliable judgment in regard 
to the practical usefulness of a cement. Last year those tests have been ended after 
four years, and Mr. Gary, head of the Department of the Royal Testing Laberatery 
at Charlottenburg, has published those results made by his Department and also 
by the above-mentioned Commission in the communications from the Royal Test- 
ing Laboratory, the main contents of which are as follows: 

‘*Even the 4-year tests have confirmed the results and conclusions of the 2-year 
tests. Neither the 4-year observations nor measuring the expansion, ner the 
firmness of the ten cakes tested, which were considered not up to the standard 
justifies us in declaring those cements useless for practical purposes.” 


After some discussion on this report, which sustained the 
German normal test, which is as follows: 


(Pats of neat cement are made, which stand 24 hours in damp air, and are 
then placed some in water and some in air, and observed until 28 days old. If 
they do not become distorted or cracked during this time, the cement is considered 
sound.) 


a resolution was adopted by the Society accepting the report of 
the committee to the effect that it considered its work ended. The 
committee was thereupon discharged, and the German normal 
test was left unchanged. 

The most important thing shown by Mr. Taylor is that boiling 
means seasoning, and his figures on the cements boiled after holding 
them for a period, as shown in Table I., prove conclusively this fact 
and throw us back to the old practice which was used by the English 
engineers many years ago, and is referred to in an interesting paper 
on the “‘Vernwy Dam,” read before the British Institute for Civil 
Engineers. 

These figures of Mr. Taylor.are corroborated by experi- 
ments at our own works in our own laboratory, and also by the 
testing experts of the New York Rapid Transit Commission, who 
are testing our cement at our works. They demonstrate very 
clearly that, as a matter of practice, the night time to make the 
accelerated tests of a cement is not at the beginning of the testing 
operation when the briquettes are made, but at the conclusion ~ 
when the briquettes are broken. In other words, if the practice 
in the testing of cement on public works is only to accept cement 
after 28-days’ test, and not to allow it to be used until after that 
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test is passed, it certainly appears clear that the time to make the 
accelerated tests, which takes at the most 24 hours to make, is 
when the final test briquettes are broken and not at the beginning 
of the testing operation. 

The cement which is to stand the accelerated test is the 
cement which is to be delivered on the work and is ready for deliv- 
ery, not the cement which is hot from the mill-stones or is just 
made and is submitted immediately after manufacture to the 
testing laboratory. 

It can be readily understood that for the purposes of the 
making of 7-day and 28-day tests and for the purpose of having 
tests of fineness and specific gravity, the manufacturer submits 
the cement promptly after manufacture, and the consumer receives 
it in the condition for the ordinary mechanical testing purposes. 
Then the cement which is received is tested for tensile strength and 
the other requirements, and, having passed these requirements, 
and being in a condition to be delivered on the work, so far as 
the tensile strength and other physical tests are concerned, at the 
expiration of either the 7-day or 28-day periods, it then becomes 
the time to determine its condition, so far as expansion and con- 
traction is concerned, as then is the time it is to be actually used. 
This, therefore, is the period at which these tests should be made 
for constancy of volume. 

In view of the great doubt that seems to exist in the minds 
of nearly all engineers as indicated by Mr. Taylor’s paper, and as 
indicated in the reports of the Board of Engineers, U.S. A., 
Professional Papers No. 28, and as pointed out in the report of 
the American Society of Civil Engineers, January 21, 1903, as to 
the absolute reliability and efficacy of boiling, hot-water, and 
other accelerated tests, it would seem that this method of making 
the accelerated tests at the expiration of the tensile and other tests 
at the time of the delivery of the cement on the work would be 
the proper way, and would overcome many of the objections now 
urged against this test, which, to my mind, is at the most a doubt- 
ful and uncertain expedient. 

The Board of Engineer Officers’ (U.S. A.) report says, under 
the head of ‘Accelerated Tests:”’ “This test is proposed as sug- 
gestive or discriminative only. Except for works of unusual im- 
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portance, it is not recommended that a cement passing the other 
tests proposed shall be rejected on the boiling test.” 

The report of the American Society of Civil Engineers’ Com- 
mittee says, under the head of “Constancy of Volume: “In the 
present state of our knowledge it cannot be said that cement should 
necessarily be condemned simply for failure to pass the accel- 
erated tests; nor can a cement be considered entirely satisfactory 
simply because it has passed these tests.” 

Certainly, if experience shows that this test really is a measure 
only of the seasoning of the cement, it would be better to make 
it at the end of the testing period, because at that time the cement 
will have aged and will more resemble the condition in which it 
is to be used, and the boiling test will give a better indication of 
its true value. The whole question of the soundness test is one 
that is particularly worthy of consideration and investigation, from 
the fact that we are in this country the pioneers in the use of rotary 
kilns, and the general literature hitherto upon this subject of 
accelerated tests has been literature based upon the product of 
the dome kilns used in Europe, and it is just such work that Mr. 
Taylor is doing that will enable us to determine whether the accel- 
erated tests applicable to dome kiln products are safe to be used 
with rotary kiln products, or whether they will have to be modified 
in order to be a true criterion for the product of the rotary kiln 


TESTS OF PORTLAND CEMENT MORTAR EXPOSED 
TO COLD. 


By C. S. Gowen. 


The following experiments were made with a view to getting 
some definite information on the effect of frost on Portland cement 
mortar, under the different conditions in which it may be desired 
to use it in cold weather. No facilities existed for maintaining 
a prolonged cold or uniform temperature, and the briquettes were 
accordingly exposed to the open air, and so kept until it was evident 
that the tendency to “dry out” unduly was reducing their proper 
strength and creating a condition by which no basis of comparison 
with ordinary results could be had. 

The briquettes were accordingly placed in water in July at 
the end of the first 6 months of the tests, and the author is inclined 
to the opinion that if this had been done earlier, at the end of 
the 3 months’ tests, the 12 months’ results would have showed 
much nearer the average 12 months’ results of tests made in the 
ordinary way of briquettes kept in water continuously until broken. 
In the table given below each breaking weight given is the mean 
of 8 briquettes broken, and it may be said that each set of 
breakings showed marked uniformity in the strength of the bri- 
quettes. 

The results are from experiments made by the author while 
acting as Resident Engineer for the Aqueduct Commissioners of 
the city of New York, in charge of the New Croton Dam, and 
to them the author wishes to make proper acknowledgment for 
the use of these data. 


Errect oF CoLp UPON SETTING. 


In the case of this lot of cement, which was moderately quick 
setting (taking heavy wire in 63 mins. 2 to 1 briquettes and tak- 
ing heavy wire in 71 mins. neat briquettes, under normal condi- 
tions of testing in laboratory), moderate cold, 22° and upward, 
delays setting, but does not freeze. This is shown by the set of 
tests made for the intended temperature 24° to 32° of exposure. 
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The second set of tests (intended temperature of exposure 
24° to 10°) show in the case of the 28th day and 3 months’ 
breakings (temperature 24° and 22°, respectively) a delayed setting 
which resulted in freezing during the night. The other breakings 
6, 9 and 12 months, show, at lower temperatures, quick freezing. 

The third set of tests (intended temperature of exposure 24° 
to 32°) were exposed to moderate cold after having taken heavy 
wire in laboratory. 

The fourth set, a mixture with brine (intended temperature 
of exposure 20° to 10°), shows clearly the influence of the cold in de- 
laying the set, as well as the effect of the brine in delaying freezing. 

At temperature of exposure 16° +, the set occurred in 6 hours; 
16° —, no set in 4 hours and no sign of freezing; 14° +, no set in 
2% hours and no sign of freezing; 20° +, a set in 5} hours with some 
indications of freezing; 26° —, no set in 2} hours and no sign of 
freezing. 

The fifth set of briquettes was exposed at a steady tempera- 
ture of 18° +, and all froze in 35 mins. 

ConcLusion.—A moderately quick setting cement can be 
used in temperatures about 20° without freezing with a 2:1 mixture. 

The use of brine delays freezing, at least, at temperatures of 
about 15°, if it does not wholly prevent it before the set has occurred. 


EFFECT OF COLD UPON BREAKING STRENGTH. 


It is apparent that the general falling off at the end of six 
months is due to air exposure, the rise for g and 12 months after 
being placed in water being marked, and the author is of the 
opinion that had briquettes enough been made for 15 and 18 
months’ breakings there would have been a uniform increase in 
strength, comparing favorably with general results from laboratory 
tests; a summary of which has been added to the tabular state- 
ments. The 6 months’ breakings of the various sets show a much 
greater uniformity than those of 1 month and 3 months, as 
might have been expected, the extremes being 287 and 366 pounds. 


At 9 months sets 1 and 4 agree closely. 
sets 8 and 5 agree closely. 


While set 2 is lower in its breaking weight than either of the others. 


At 12 months sets 2 and 4 agree closely, 
sets 3 and 5 agree closely. 


GOWEN ON CEMENT Mortar EXPOSED TO COLD. 395 


While set 1 comes between these extremes, which vary between 
510 and 602 pounds, an extreme variation, not much greater than 
indicated by the 6 months’ breakings, and much less than that 
shown by the 9 months’ results. 

ConcLusion.—The general result is favorable to the use of 
brine at low temperatures; also there is no indication that freezing 
reduces the ultimate strength of the mortar, although it delays the 
action of setting. 

In this particular example the frozen set No. 2 shows better at 
12 months than frozen set No. 5, but not so well at 9 months, 
where the relative difference is the other way. 

At 12 months sets Nos. 2 and 4 (“frozen at low temperature” 
and “brine’’) agree closely. 

Set No. 1 comes next (‘“‘mixed at moderate temperature”’), 
and sets Nos. 3 and 5 follow. 

There seems to be nothing in the results shown in set No. 3 to 
indicate an advantage in securing a set before exposure to freezing 
temperature. 

The above results are relative rather than conclusive, as it is 
impossible to say what would have been the results at the end of 
the year, and how they would have compared with the general 
average given for briquettes tested under normal conditions if 
they had not been exposed to the varying temperatures of spring 
and early summer and to “drying out.” 

These briquettes were mixed in February, 1897, as oppor- 
tunity and the required temperatures occurred, and the records 
of the time of setting were made as carefully as was Braga 
under the circumstances. 

The temperatures of the air at the time of the final test for the 
set were not taken, but, as a rule, the temperature rose or fell, as 
indicated, steadily during the time that elapsed while the observa- 
tion was made. These results are submitted for what they may 
be worth, as the author does not know of any series of tests extend- 
ing over so long a time, and at the same time covering such extremes 
and variations of temperature. 

The following, showing the results obtained by tests made 
under ordinary laboratory conditions, when brine was used, are 
added here, and the conclusion seems to be plain that the effect 
of brine is to delay setting temporarily, while not affecting the 
ultimate strength of the mortar materially. 
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Giant Portland, 2 to 1 briquettes. 

Per cent. of water used to weight of cement, 4o. 

Time to take heavy wire, fresh-water briquettes, 241 mins.; 
salt-water briquettes, 306 mins. 


lweek, Imo. 3mos. 6mos. 9mos. 12 mos. 


Fresh water used . 5 . 236 289 414 549 554 572 
Salt waterused . 4 a Bg 231 294 424 452 576 


Giant Portland, 3 to 1 briquettes. 

Per cent. of water used to weight of cement, 50. 

Time to take heavy wire, fresh-water briquettes, 350 mins.; 
salt-water briquettes, 407 mins. 


lweek. 1mo. 8mos. 6mos. 9mos, 12 mos, 


Fresh water used . 5 A kb 183 268 335 851 458 
Salt water used r J . 68 181 215 266 301 413 


Standard sand used (crushed quartz). 

The brine used was strong enough to float a potato, about a 
Io per cent. solution by weight. 

Each of the above results is the mean of ten breakings in 
pounds per square inch. 

The briquettes were placed in air 24 hours, and then immersed. 
in’ water until broken. 


BREAKING WEIGHTS OF 2:1 MorTAR BRIQUETTES, POUNDS PER SQUARE INCH, 
EXPOSED TO CoLD, AT NEw Croton Dam. 
Cement used Giant Portland, sand used crushed quartz, Lot 209, 1476 barrels. 
Each breaking weight given is the mean of eight breakings. 


28 days. 
— meee =p 
Temperature Breaking weight, Temperature Time to take 
intended. pounds per exposure, heavy 
square inch. degrees. wire. 
24 to 32° . i A é . 870 22x, 4 hours.} 
7 : : . 458* 24 f. Night. 
V2 Wel Ae 3 6 : bye! 28 f. 65 minutes. 
Ds 10)! F 4 . 212 16r. 6 hours. 
20 870) 9/6 = ¢ ; - 205 18 s. 35 minutes. 
3 months. 
= pos 5 
Temperature Breaking weight, Temperature Time to take 
intended. pounds per exposure, heavy 
square inch. degrees. wire, 
24 to 82° . 2 2 5 . 474 27 r. 4% hours.t 
2455 4A0 S : q . 455 22s. Night. 
7 Sv in , 5 § . 413 28 f. 65 minutes. 
20 Fe 20 . . : . 360 16 f. 4 hours r. |! 


10). . . . . 246 18s. 35 minutes.} 
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6 months, 
—————————————eee es ee 
Temperature Breaking weight, Temperature Time to take 
intended. pounds per exposure, heavy 
square inch, degrees. wire. 
24> to}. 822" ‘ ‘ : . 866 34 f. 
7 he a |i te “ - . 347 127. 15 minutes. 
PIN sy Vo a 5 : “ . 814 28 f. 65 minutes. 
20 1 fs fn 4 <5 282. ‘ a ES 234 hours r.+]| 
BOS IN « . . : . 300 18s. ? 35 minutes.f 
9 months, 
= = 
Temperature Breaking weight, Temperature Time to take 
intended. pounds per exposure, heavy 
square inch, degrees. wire, 
Db tor 829i eS 5 5 . 558 28 r. 436 hours.+ 
pe aL cs ee 8 ps . . 881 1dr. 15 minutes. 
Se Sees 5 5 : . 452 28 f. 65 minutes, 
BO 6 ar 4 a = SOO, 20r. 5% hours. 
pte rea Li 3 4 : A . 487 18s. 35 minutes.t 
12 months. 
Temperature Breaking weight, Temperature Time to take 
intended. pounds per exposure, heavy 
square inch, degrees. wire. 
24 to 82° . : : ‘ . 553 26 r. 7 hours s. 
ee) Ls e r : . 586 16r. 45 minutes.?2 
Be a Ra ‘ - . . 510 28 f. 45 minutes. 
aoe TOG. : , ; . 602 26 f. 2% hours. | 
20st LOWE. | tae ing Pesan Oes 16s, 35 minutes. 


REMARKS, 24 to 32°: Placed in cold air at temperature noted immediately after mixing; 
fresh water used. 24 to 10°: Placed in cold air at temperature noted immediately after mix- 
ing; fresh water used. 24 to 32°: Took heavy wire before being placed in cold air; fresh 
water used. 20 to 10°: Placed in cold air at temperature noted immediately after mixing ; 
brine used. 20 to 10°: Placed in cold air at temperature noted immediately after mixing; 
fresh water used. In column of ‘‘ temperature of exposure” r. indicates a rising tempera- 
ture; f. a falling temperature ; s. a steady temperature, All briquettes were left in open air 
in a dry but not sunny place until the three months’ break was made (about April 15); then 
they were put in a damp place until the six months’ break was made (about July 15); and 
then they were placed in water until finally broken. The brine used was a solution strong 
enough to float a potato, about 10 per cent. by weight of salt to weight of water. 


* This set was broken on a day when the temperature was 16°; a ninth briquette was 
thoroughly thawed on same day and broke at 210 pounds. 

+ Did not appear frozen when it took heavy wire. 

| Had not set at end of time noted. 

{ Frozen at end of time noted, and took wire.’ 
>< Some signs shown of freezing. 

2 Froze slowly and took heavy wire. 

+ One briquette made with fresh water froze and took heavy wire in twenty minutes. 
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AVERAGE BREAKING WEIGHTS OF 2:1 MORTAR BRIQUETTES, GIANT PORTLAND 
CEMENT, BROKEN AT NEW Croton DAm IN 1896, 1897, 1898. 


Lot 209, 1476 bbls. 


Time . 3 R : < : m 5 ‘ . 28 days. 28 days. 
Number of preakings is SP aay O90) 10 
Average breaking weight, pounds per square inch : - 441 483 
Time . : s . . < . . . t oh INOS: gr 0 leanne % 
Number of breakings ‘ : , : 215 

Average breaking weight, pounds’ per square inch ‘i : 563 

Time . ‘ ; ( i 0 . s yA ODOR) 9) Wace 
Number of preakings a ‘ % E 186...) tne 
Average breaking weight, boanas per pquare inch : nity 00g) emmeneeete 
Time . . ’ ‘ . 5 4 4 i apc UO8 ee | Ue mmneratey 
Number of preakings . . : 5 OG) ines 
Average breaking weight, pounds: per squats inch A d Rive Ge SR Bases: 
Time . 7 4 2 - 5 ‘ e ; SLZAMNOS >” Be aeveces 
Number of eonkings “ 5 a cs GD vo) WS camease 
Average breaking weight, pounds per quate inch . ; 668} - aie 


Time of taking heavy wire, mean of 70 tests (2-1), briquettes, 63 minutes ; mean of 70 tests, 
neat briquettes, 71 minutes; average breaking weight, mean of 70 tests (2-1), briquettes, 
1 week, 344 pounds. 


* Normal test of this lot not continued after twenty-eight days. 


DISCUSSION. 


W. P. Taytor.—A rather extensive series of tests on the effect Mr. Taylor. 
of freezing on cement mortars was recently made in the Philadel- 
phia Laboratory, and the well-recognized fact was clearly brought 
out that mortarsmade infreezing weather and subsequently allowed 
to thaw without a second freezing were but little injured by this 
process, but that mortars subjected to several alternate freezings 
and thawings were readily broken up and disintegrated, this latter 
effect being probably due more to a mechanical than a chemical 
action. It was also shown that the addition of salt was very bene- 
ficial to cement mortars subjected to alternate freezings and thaw- 
ings, although, even in the most favorable instances, the strength 
of these mortars never equalled those made at normal tempera- 
tures. Another fact brought out was that the addition of salt up 
to solutions of 20 per cent. had no appreciable effect on the strength 
or soundness of cement under normal conditions. 

The results of these tests would seem to indicate that it is always 
inadvisable to lay cement in freezing weather, but that if such 
work is necessary, every precaution should be taken to keep the 
material warm, so that initial set at least can take place before 
freezing, and also that under such conditions the use of salt solu- 
tions is beneficial. 

R. W. LesteEy.—Experiments at the works of the American mr. Lesley. 
Cement Company and also experiments conducted by the late 
Colonel William M. Patton at the time of the construction of the 
Baltimore and Ohio Railroad bridge over the Schuylkill River at 
Philadelphia, seem to indicate that upon the mixing of cement 
with water a chemical action is set up, which results first in mortar 
and then in the formation of the stone. When, during this chem- 
ical action, the water necessary for carrying it on changes into 
crystals by freezing, the chemical action is arrested and the setting 
goes on no longer, and if mortar of this kind, hard-frozen, is 
allowed to remain in cold weather and subsequent thaws, the water 
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goes back to the cement, the crystals having been dissolved, and 
the setting goes on. This is, however, what might technically be 
called a “second setting.” 

Experience shows that mortars thus treated lose very little 
if any of their ultimate strength. The loss of strength in frozen 
mortars occurs where a slight set has begun and is arrested by 
freezing and subsequently is started by thawing. Action of this 
kind, which means a repeated number of chemical actions causing 
a slight set, only to be suspended when the uncombined water is 
again frozen, would ultimately end in the destruction of the mortar, 
just as the retempering of a mortar eight or ten times would destroy 
its setting qualities. 


SOME OBSERVATIONS ON THE EFFECT OF WATER AND 
COMBINATIONS OF SAND UPON THE SETTING 
PROPERTIES AND TENSILE STRENGTH OF 
PORTLAND AND NATURAL CEMENTS. 


By E. S. LAarnep. 


In the use of hydraulic cement it has become quite possible, 
through the careful observations and experiments of the engineer 
and chemist, to compass and provide for the variable natural 
conditions under which the cement must be used, and when it 
is carefully selected and treated intelligently in the practical 
work of construction, enduring monuments are founded, to the 
honor and credit, not alone of the designer and builder, but to 
the pioneers and courageous supporters of this important industry 
in the country, who have persevered in face of many discouraging 
and adverse conditions until the American product is recognized 
as the equal, if not the superior, of the imported. 

While the rapid growth of the Portland cement industry 
since 1895, and the extended use of the material in all forms of 
construction, may well be taken as a tribute to its improvement 
and reliability, the better understanding and appreciation of 
engineers and architects must also be considered of the utmost 
importance. Hydraulic cements have been made and used for 
more than a century, and yet it has remained for investigators 
of comparatively recent years to throw much light upon the 
subject. One of the most important objects yet to be attained 
is the standardization of tests and specifications, and it would 
seem that this could best be accomplished through the agency 
of your Society, and the representative engineering societies. 
Of equal and even greater importance is the proper interpreta- 
tion of the results of tests prescribed, and it is here that the prin- 
cipal educational work must be done. 

There is to-day, among users of cement, much conflict of 
opinion upon some of the most vital principles governing the 
acceptance of this material, and the natural outcome of this 
difference is, that some tests are specified that result in no advan- 

26 
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tage to the user or the work in hand; others that give results 
that are misleading and fallacious as an indication of quality, 
interpreted as they are, and only serve to vex and hamper the 
manufacturer. In the absence of better information, it may be 
natural for the user of cement to entertain with suspicion the 
statements of the manufacturer affecting the quality of a cement 
in question, but it seems obvious that with standard specifica- 
tions and uniform methods of testing, combined with full and 
up-to-date information upon the results of the several determina- 
tions made, there would follow greater uniformity in the material, 
less opportunity for dispute and a greater degree of confidence 
and mutual respect between men who are seeking the same attain- 
ments—excellence of material, design and workmanship, in all 
projects that mark the prosperity and progress of our country. 

With an experience, covering nearly eighteen years, upon 
important hydraulic construction, I have found opportunity to 
observe many variable conditions affecting the requirements 
and use of cement, and I know of no material entering into con- 
struction of which so much is expected, that is subjected to the 
same or equal abuses, and when a failure is recorded, happily 
very few, how common it is to see the cause ascribed to the cement. 

An idea will obtain in the classroom, office, or laboratory 
that, if carried out or closely approximated in the field, would 
give excellent results, but how often this is forgotten or over- 
looked, and crude, yes, cruel, methods of work be suffered, and 
this can, under present conditions, be said even of some work 
of cement-testing. Young men are sometimes selected for this 
work without previous experience or any knowledge whatever 
of the subject, and though one may have a high degree of intel- 
ligence, and be industrious and conscientious in his work, under 
good or indifferent supervision, yet the best that can be said of 
such a selection is that he is more likely to cause a good cement 
to be questioned than to pass a poor one, although the latter 
chance is not remote; meanwhile, little consideration is shown 
the manufacturer or the reputation of his product. 

Once asked to explain the difference in results obtained by 
_ two testers working together, using the same amount of water 
in mixing and following the same method of moulding, etc., I 
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offered the somewhat parallel case of two cooks making bread 
from the same barrel of flour, same yeast, and same formula 
throughout, and yet the quality and appearance of the loaves 
would be quite unlike. 

The personal equation, perhaps, may not be removed in 
testing cement, but other conditions that vitally affect the results 
can be brought to a more uniform basis, and these in ordinary 
practice may briefly be summed up as the quantity of water used 
to produce a paste or mortar of given consistency, time and manner 
of manipulation, method of molding, temperature of water and 
air, time and conditions of exposure in air and water, and rate 
of applying the load. The effect of water in retarding the indura- 
tion of cements and reducing their tensile strength, particularly 
at short periods, has long been known, and more or less informa- 
tion has been published as the result of experiments made. 

The writer was led to make a series of tests on these lines in 
somewhat more detail than anything he had seen published, and 
it is the result of this experiment that we will now consider. It 
may be stated that one man made the briquettes for the entire 
series, six for each period, at each interval in the amount of 
water used; the water in mixing was at a uniform temperature 
of 63° F., and the temperature of the air averaged slightly under 
70° F., and fluctuated between 50° and 75° F. Two briquettes 
of A. S. C. E. Standard Form were gaged at a time, and begin- 
ning with the dry mixtures the molds were filled in three layers, 
each rammed successively until flushed, by hand, using a hard- 
wood pestle, and finally struck off and smoothed with a trowel. 
The ramming process continued until the mixtures became too 
soft, when the molds were filled by pressing in with the thumb 
and trowelling. So far as possible, the briquettes were allowed 
to set in air, under a damp cloth, about two hours after taking 
the heavy wire, before immersion; this ‘could not be followed 
uniformly, and some of the softer mixture were allowed to set 
in air overnight, and in a few instances the operator was obliged 
to wait late in the night to complete his observations. In deter- 
mining the rate of setting, the Gilmore needles were used, and 
care was observed to use the same sample of cement throughout 
the series, and this was taken from the storehouse of contractors 
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engaged in the construction of large public work. The decimal 
scale of weights was used in gaging, the graduate glasses being 
carefully calibrated to agree, and the briquettes were broken on 
a Fairbanks machine of late pattern, the clips having roller bear- 
ings of composition metal. 

Chemical analyses of the cements here considered were not 
made for this test, but the characteristics of the brands named 
are perhaps well known to many, and will be only briefly referred 
to. The Atlas and Giant brands of Portland cement both came 
from the Lehigh district of Pennsylvania, and, in their chemical 
composition, are in quite close agreement. The “Union,” Natural, 
is also made from the crystalline cement rock of the Lehigh dis- 
trict, is light in color, and its composition is quite unlike the 
“Hoffman,” which is dark in color, being made from the magnesian 
limestone of the Rosendale district, New York. ‘‘Union” more 
closely approaches the Portland Standard in composition and 
differs from the Hoffman noticeably in its lime and magnesia 
content, having about 50 per cent. lime and 2 per cent. magnesia, 
while the Hoffman has about 36 per cent. lime and from 16 to 
18 per cent. magnesia, which is characteristic of about all the 
New York Rosendale cements. The low magnesia content, 
together with the very fine grinding of Union, cause it to be more 
active and quicker setting than Hoffman, and this is well shown 
in the table and diagram, particularly in the wetter mixtures. 

As might be expected, this difference in the cements, tested 
neat, would be in greater contrast when combined with sand in 
concrete mixtures, and it was, in fact, the dissimilar results in 
practical work of construction that led to this experiment, and I 
regret that the experiment did not also include mortar mixtures, 
in the proportion of two sand to one cement, wherein conditions 
would obtain more closely approximating the operations of every- 
day practice. 

From personal acquaintance with a recent large work of con- 
crete construction the writer is forced to the conclusion that when 
any reliance must be placed upon the cohesive strength of Rosen- 
dale cement, within six months, and perhaps longer, depending 
upon the exposure and local conditions, great care must be exer- 
cised in proportioning the amount of water used, or, in the present 
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day of wet concretes, in selecting a cement that successfully 
withstands the deteriorating influence of an excessive amount 
of water. 

In the diagram of tensile results the dryer mixtures of the 
Hoffman cement show superiority up to the 28-day period, at 
which time it is quite marked and uniform; the gain in strength 
between the 24-hour and 7-day periods appears slow, and grows 
slower as the amount of water is increased; the improvement 
between the 7-day and the 28-day periods is better, but the rate 
of gain appears generally in favor of the dryer mixtures; the gain 
in all mixtures between this and the three months’ period appears 
quite uniform, and develops a rapid gain for the wetter mixtures; 
after the latter period inconsistencies develop, and between six 
months and one year only the 37 per cent. and 39 per cent. series 
show any appreciable gain, and the wettest mixture appears 
superior at the end of the year, the others generally showing a 
falling off in strength, for which I can offer no explanation. 

In the Union cement series the dry mixtures generally appear 
superior at the 24-hour and 7-day periods, the rate of gain is 
quicker and quite uniform; as in the Portland cements, the gain 
in strength of the wetter mixtures is more rapid between 7 days 
and 28 days, the wettest mixture having passed four of the series 
next below, and all of the series being closer together than at the 
two earlier periods; at three months only the 23 per cent. and 
25 per cent. series held their superiority, the wetter mixtures 
rapidly overtaking all others and being in close agreement, with 
the exception of the 31 per cent. series, which made a slower gain; 
after this period peculiarities develop for which no explanation 
can be offered, but the uniform rate of improvement is noticeable 
in all instances, and the results at one year are better in each 
case than at any preceding period, the 23 per cent. and 33 per 
cent. series showing a falling off between three months and six 
months, with a good recovery at one year. 

In the Portland cement series the rapid and uniform improve- 
ment between 24 hours and 7 days is noticeable, but the dryer 
mixtures generally hold their superiority; this is noticeably uniform 
in the Atlas cement at all periods; the maximum strength was 
attained at three months, after which, and up to one year, there 
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appears a steady falling off in strength, but from three months on 
the dryer mixtures are uniformly better. 

The Giant cement also attained its maximum strength at 
three months, at which period the dryer mixtures also appear 
uniformly superior with the exception of the 15 per cent. series; 
and judging from the results of the series throughout the test, it 
would appear that there was not quite enough water used to per- 
fect the crystallization of the cement. The Giant cement also 
shows a falling off between three months and six months, but a 
good recovery after this latter period in all but one series, 22 per 
cent., and the wettest mixture, 24 per cent., passed the three series 
next below at one year, two of them in fact at six months, and 
between six months and one year it showed a more rapid gain than 
any of the other series. 

The personal equation is apparent in these tests, as in any 
test of the tensile strength of cements, but every effort was made 
to secure consistent and uniform results, and I will repeat that 
one man made the test throughout the entire series for the four 
cements named. 

A tabulation is added showing the tensile strength of cement . 
mortars in the proportion of one part of sand to one of cement, 
by weight, for Rosendale or Natural cements, and two parts sand 
to one cement for the Portland. A silicious sand was selected 
for this test, carefully screened to the sizes noted and combined 
in the proportions given in the table. The test was made to deter- 
mine the relative value of sand grains of different diameters, in 
combination with cement, and also to study the effect upon the 
tensile results of adding fine material. 

Few unwashed natural sands are free of dust, of a loamy or 
clayey nature, containing a high percentage of organic material, 
and in specifications usually calling for sand, clean and sharp 
and free from fine material, the importance of excluding this 
deleterious agent is recognized, but it is not always possible to 
enforce this absolutely, and from mechanical analysis of a large 
number of samples, and casual inspection of sand in use at various 
points, I am satisfied that much sand is used that contains 5 per 
cent. dust, and a good deal that carries.as much as Io per cent, 
and even more in some instances. 
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The fine material passing the No. roo mesh screen, used in 
this test, was obtained from a clean white silicious sand, and if, 
with increasing amounts of this material, a falling off in tensile 
results appears, it can in no sense be taken as a measure of what 
would follow by using sand containing a dust of loamy or clayey 
nature, but is in a way suggestive. The cements used in this test 
were of the same sample as in the other tests previously referred to. 

The sand mortar test is the true basis upon which to judge 
the value of a cement, and I believe the proportion of sand to 
cement should be the same as employed in the actual work of 
construction. Unfortunately this was not carried out in the 
above test of the natural cements, for the reason that results were 
desired, for purposes of comparison, with previous tests in the 
same laboratory, in which the crushed quartz or standard sand 
was used in the proportion of one part sand to one of cement. 

Explanation of the results is hardly required; it will be noticed, 
particularly in the natural cements, how uniform and constant is 
the falling off in strength at the 7-day period, as the amount of 
fine material increased. This tendency, in the case of Union, 
disappearing at the 28-day period, at which time rather remarkable 
uniformity is found in all the combinations, except the I00 per 
cent. “Fine”; serious retardation in the improvement of the Hofi- 
man, with the addition of fine material in the sand, is noticed 
between the 7-day and 28-day periods, the mixtures containing over 
5 per cent. “Fine” remaining almost latent for this time, three of 
the combinations showing an actual loss, while four make a small 
gain, the average gain being two pounds; a rapid recovery is found, 
however, in these combinations between the 28-day and 6-month 
periods, and it is to be regretted that longer time tests were not 
made. 

A tabulation of the results, excluding the series in which all 
“Fine” and crushed quartz were used, is herewith given: 


7 days. | 28 days. 6 months. 


eee 


= ol at 1 *y ) 
Aver. Max. Min. ‘Aver. Mag Min. |Aver. Max.| Min. 
H } | . . 


| 
] | mg} 62] 99| 163| 70} 277] 816) 


221 
302 


‘ | | 
Union . : é rs : . | 189] 156 108 . 198 | 222 | 183 ) 336 | 362 
: | P| 
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The effect of the fine material upon the Portland cement is 
not so noticeable, even at the shortest period, except in the series 
with roo per cent. and 50 per cent. “‘Fine,’”’ and no parallel can be 
drawn between the test with Portland cement and the results with 
Rosendale cement, using the same combinations of sand. 

All of the above tests were made under the supervision of 
the writer while Division Engineer with the Metropolitan Water 
and Sewerage Board, Mr. F. P. Stearns, Chief Engineer, Boston, 
Mass., and I desire to make proper acknowledgment of the 
privilege of using this data. 


‘ 


409 


T19910S NOL "ON OU} YSINOIYY poyIS PUBS O}IYM UBETO ST ,,OUNT,, 

“190108 NOT ‘ON UO 1YSNBO PUB UEdI0S Ng “ON Possud PUPS NOT “ON 

“U92I08 0Z ‘ON WO passed PUB VEINS g ‘ON passed PUBS 0Z “ON 

*U90I08 0 ‘ON UO JYSNBO pu UE2IOS 0Z ‘ON Pessvd PUBS 0g “ON 

“pepnjoxe ONpIser PUB UdEIOS g "ON YSno1y) possed ysiy “pos PUBS [BINIEN 


. “qq 81eM Aq poutmiejep sosvyuoo1ed pue suorjtodoid [[y¥—'VaNVaOWaW 
a 
5 18 1 | eos | | 
oO ae 3) ise | Lez 6 x) egy | OO | £6 VL ‘comes | 992 | 6L1 gt cn 09 : i OF 
fy — ‘zyxeub | peysnig 
° LYP LES 61z SOL OSG 89 | ¥L cL G08 €8T dt LT % c G cB 
S&P | 9&8& 608 Sor 066 88 8L qT i443 OT OSL LT a 0g oe 0g 
fd GPS _ 80F OPP S01 9s | LOT 28 cT &38 GGG *ST LT ae dd og | 0¢ 
; 5 Ise | £83 LYE 01 68% OL | 29 cI LIS £61 801 LI 0g = ne 0g 
z S8P PoE 163 S01 16 GL | 89 cl FOE 10 G81 LT c 0¢ ST OL 
OSP | ble LTS AOL ¢86 SL | 99 cT sis 661 | S2L Lt 0% OF 0% 0% 
iS 8LP | 6S§ 698 SOL | 99% LL | SL cL 628 I6l | &8r LI cI 08 & 08 
a GLY | Gs ocs S401 966 68 | 06 cL 698 L6r | S8T Lt or 0% 08 OF 
ND sec «OOF 16g S401 162 68 | 08 cI org 802 OFL 11 Hu SALI G 0g 
| 
61F | Its L08 AOL | $86 LOT | $8 cl (G49 c6— ss SPL ‘AS G cL 0% 09 
ca) sch 808 108 “01 ro | (LOL 98 GT BSS O6T =| @br LU Ke Hal ST OL 
| 98h —s(O8E 198 “AOL 108 FI | 6 oT 848 O12 | SE Ly ie or OL 08 
wn £26 | 6ST 66L S01 98I 9L | TL cI LOE St | OOT | LT OOT a e is 
Z, ¥6G «=| «9% 102 S01 L& Olt | 16 ae OF Zt | Sor LT elt SOOT at ss 
= ic) SLP | 188 F6G S01 986 as SIT cr 6FS P6L | ISL LT | on | os 0OL a, 
~ GLP | 88% 986 Hor | PIs S9T SIL Ee 6S8 861 9ST LI . Pe a a 00 
Za | | | = ce 
o) "sour 9 s&ep 8z| SABD L ‘sourg |'sdup 82, *‘sABD L ‘sourg |‘shep gz ‘SAUp 1 | oul ‘OOT ‘ON | “02 ON | ‘08 ‘ON 
ra) cage? S| “queo sod Fas Te a lati a pe SL “yueo sod | ve We 
Q : I9VBVM IayB A 5 1948 MA : a 
Gy cc JUBID 5, . UBUIYOF 5, WOTTD 5, 
fo“ = eae a eee i : a *pasn “quoo red o3ne3s pusg 
a “T: GZ ABJOM PUBLJIOT “LT avyour yueUIED [BINjeN | 


. ‘sayjanbrq x1s Jo oBvIOA oq} 91v UBAIS S}[NSAY 


“SUALAWVIC] INAAAIMIG] AO SNIVUL) ANVG HIM YVIAOW, INAWAD JO HLONAXTS ATISNAL 


410 LARNED ON TENSILE STRENGTH OF CEMENT. 
TABLE SHOWING TENSILE STRENGTH OF CEMENTS MIxED NEAT WITH 
DIFFERENT PROPORTIONS OF WATER. 
= = . £. + Se - 
“3 Pers ete nesidue area Tensile strength. 
7 - 
| | eel eee) tame 
Cement g i a a s 
brand. is : s s ey: tty ae a 3 c= lie 
S CS 2 > 2 2 > | =I CS) 
8 8 = = te oe We es } Ss B g 5 
ahs leat gs | hen) Ss OAS L Sor a ae ee 
= a vA a =) | jes a 8 oO 2 | a 
13 ) | ess 
14 | 
16 | 0.15] 64 | 21.2] 12 | 207 | 871 | 655} 875) 941 | 7201. ver 
“Giant” 16 ae a: x 29 | 297 | 303| 750 | 978 | 1008 735 816 
Portland. 18 | 80 | 355 | 260) 649| 773| 831 | 645 | 748 
20 142 402 | 233) 500| 693 | 716 621| 676 
22 | 268 | 473 | 184 | 546 | 635 | 658 601 589 
2 | 327 912 | 167 | 539| 649) 644) 629 755 
(23 0.1 | 46 | 102; 18 | 32]| 212} 251) 252 811 275, 356 
4 | | | 
| | 18 89 | 185 | 218 | 215 | 289! 300| 341 
27 | 21 42'} 150 | 188] 220.) 957 | 2721 3814 
“Union” 29 | 20 52 | 128] 178] 202} 246 | 248) 256 
Natural. 31 | 21 |. 57] 112) 173} 199.) 224] 259 | 300 
33 | 27 85 | 104 | 172] 182) 267/ 246} 290 
35 | 38 | 187] 981 121} 178] 260] 2861} 9319 
37 34 160 85 | 108} 168 262! 306; 326 
39 | 67 | 233 85 | 119 | 202 | 252/ 371] 400 
18 | 01 | 7.0 | 18.0} 18 | 270| 366| 775 | 859 | 1067| $92| 832 
14 a oe en, 1g | 308 | 404} 780} 891} 972! 852| 781 
15 | | | 
“Atlas” | | 16 22 | 327 | 368 | 602) 725 S44 | | 793 
Portland. 18 15 | 383 | 308] 570| 728; 785) 728 | 724 
20 56 708 | 225 | 590] 718! 760 74 | 636 
22 52 | 883 | 166 | 554| 649 | 7381 | 643 | 604 
24 | 188 | 918} 42) 510| 691) 695} 682] 574 
| | 
P23 52:8) | 19/4 1o7- On 92 59 | 188] 177| 271! 332] 2R4| 264 
24 am ee a Bs 78 | 125) 141| 264 | 342/| 309) 310 
|= 85 | 120, 150) 164) 216 308) 318) 321 
27 49 | 143 | 117] 116| 194] 805! 345] 272 
“Hoffman” | | 29 76 | 166 96 | 105) 164) 272) 320) 267 
Rosendale. | } 31 117 | 212 72| 721 159; 270) 371] 25 
| | 33 115 | 235 62| 71) 147 | 277 | 3879 | 244 
85 127 400 50 | 64) 112} 245] 318] 3815 
87 198 | 828 59} 62| 96 ws | (284 |) 851 
39 260 | 1057 54) 56 85 355 | 364 


MEMORANDA.—Results shown are the averages of six briquettes made. 
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DISCUSSION. 


W. K. Hart.—In testing cement one is apt to be disconcerted Mr. Hatt. 


by the fact that tests at 28 days or at later periods often show a 
somewhat lower tensile strength, especially in the case of neat 
mixtures, than the results of tests at earlier periods. This difficulty 
has been attributed to actual diminution of strength due to a par- 
ticular stage of hardening of the cement, and also to the action of 
the water in leaching out the cement from the small test specimens 
used. I am inclined to think, however, that the imperfections of 
the ordinary testing apparatus are quite sufficient to account for 
the phenomenon. It is a well-known fact that the effect of the 
mechanical imperfections of the gripping apparatus is much more 
serious in the case of brittle materials of short lengths, and the 
effect of the imperfections of the gripping apparatus in diminishing 
the strength of the briquettes would naturally be more serious in 
the case of the more brittle briquettes which are tested at a later 
period. As far as the writer knows, this dropping off of the strength 
is not noticed in the case of sand briquettes. 

W. P. Taytor.—The fact stated by Prof. Hatt that a brittle- 
ness is developed in old briquettes is well recognized, and is clearly 
shown in the diagrams of long-time tests made in the Philadelphia 
Laboratory, which are based on the values obtained from upward 
of 125,000 briquettes. The curves of strength invariably begin to 
fall off after a period of one or two years and steadily decrease up 
to at least ten years. It must be stated, however, that this loss of 
strength is not due to unsoundness, for the reason that this falling 
off is not apparent in compression tests. It is probable, therefore, 
that the cause of this action is that the cement becomes brittle, and 
that any slight eccentricities of loading or irregularities in the 
bearing surfaces causes eccentric stresses that rupture the briquette 
at an abnormally low value, such stresses being, of course, much 
more injurious to a brittle material. 

Another fact regarding strength curves that is not generally 


Mr. Taylor. 
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Mr. Taylor. Known is that there is almost always a depression in the neat 
cement curve at a period of from 28 days to 6 months, as shown 
in the accompanying diagram. This effect is probably due to 
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Typical curve, showing the hardening of Portland cement, measured by tensile strength. 
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the different rates of hardening of the different constituents of 
the cement. The sulphates and aluminates harden very rapidly 
for a short period, and then soon fall to a very low value. The 
silicates, on the contrary, harden much more slowly, but their 
action progresses regularly with age. A combination of these 
ingredients, therefore, will evidently give a curve having a double 
inflexion, and all the records published seem to bear out this fact. 
The diagram rather crudely illustrates the idea. It is not intended 
to show actual values, or the relative magnitude of one of the dotted 
curves to the other. 

The typical curve of tensile strength of Portland cement is 
then one which rises sharply up to about 28 days, then falls off 
slightly until from 2 to 6 months, then increases up to I or 2 
years, and then falls off again as brittleness develops. In the 
curves of sand mortars the sag in the curve at 3 months is rarely 
seen, but the falling off of the long-time briquettes is similar to 
that observed in neat cement. 

Cements made in the dome kiln do not show the first falling 
off to as great an extent as those made in the rotary kiln, but both 
show the second falling off equally. 


Mr. Taylor. 


TESTS ON THE COMPRESSIVE STRENGTH OF 
CONCRETE AND MORTAR CUBES. 


By C. H. UmstTeap. 


It has been known to the writer for eight years that many 
thousands of tons of the finer grades of stones from the crushers 
all over the country were being rejected by engineers as an objec- 
tionable material for use in concrete walls and foundations, and 
that sand was used in preference, at greatly increased cost. A 
search was made to ascertain whether or not tests had ever been 
made with this discarded product from the crushers, when mixed 
with varying proportions of sand and cement. As no such reports 
could be found, the writer undertook the preparation of seventy-two 
3-inch cubes, with varying proportions of crushed stone, which 
was going to the waste dump as unfit for foundation work, and 
quartz sand, and submitted them to a crushing-test at periods of 
fourteen and twenty-eight days. The cement used was in all 
cases a standard brand of American Portland much used on 
public works for the past ten years. 

The complete test embodied eight operations: 

1. Ascertaining the weight per cubic foot of each of the ma- 
terials used. 

2. Ascertaining the specific gravity of each sample. 

3. Ascertaining the presence of voids in each material. 

4. Ascertaining the theoretical as well as the real volume of 
each sample. 

5. Making seventy-two 3-inch cubes, by mixing the materials 
in varying proportions with a constant proportion of Portland 
cement, all by weight. 

6. Measuring the volume and weight of each cube as received 
from the molds, also just previous to placing it in the testing 
machine. 

7. Determining the percentage of residue of each material 
upon five sieves ranging from 4-inch mesh to No. 30, inclusive. 

8. Testing the neat Portland cement for tensile strength, for 
fineness and specific gravity. 
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MATERIALS USED. 


Cement. American Portland, in bags and barrels, and 
considered in these calculations as weighing 90 pounds per bag 
and four bags per barrel. The tensile strength per square inch 
at the end of one day, seven days, and twenty-eight days was 
373 pounds, 712 pounds, and 776 pounds per square inch, each 
value representing the mean of five tests. 

Sample No.1. Sand. Plumb Island, near Newburyport, on 
Merrimac River. This was used as it was unloaded from the 
barge and dried in the sun. The proportions of voids and fineness 
are shown in the attached table. 

Sample No.2. Sand. This sand was taken from the same 
locality as above, but from a different barge to test for uniformity 
in fineness. 

Sample No. 3. Crushed Granite. This sample was taken 
after leaving the }-inch revolving screen at the crusher plant. 

Sample No.4. Crushed Granite. This sample is the same as 
sample No. 3, with the exception that the fine powder has been 
removed by a blower as it fell from the $-inch revolving screen 
at the crusher plant. 

Sample No.5. Crushed Granite. ‘This sample is the same as 
sample No. 3, with the exception that the fine powder has been 
washed out instead of going through the “blower process.”’ This 
sample was dried for two days in a kiln before testing. 

Sample No.6. Crusher Dust. This sample is the granite 
dust removed by a blower from the crushed granite described above 
as sample No. 3. 


MIXING AND MOLDING. 


Measures. ‘Two white-pine boxes, 12 x 12 x 12 inches inside 
dimensions, to determine voids and weights per cubic foot for all 
six samples. 

Molds. One gang of six molds, 3 x 3 x 3 inches, made of 
t}inch white pine, with adjustable 14-inch pine partitions, well 
soaked with shellac and bolted at each end and at the center with 
33-inch carriage bolts. 
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Two lots of cubes were made each day; it was not safe to 
remove them at shorter intervals. Two men usually made the 
cubes, one mixing the material as the other rammed the mixture 
by striking on a 2-inch square oak block with a hammer until 
a quaking effect was produced at the surface, and then trowel- 
ling to a smooth surface. Before placing the cubes in the testing- 
machine, the upper and lower faces were covered with a soft 
coating of gypsum or plaster of Paris. 

In none of the mixtures shown in the table attached did it 
appear that an excess of mortar was being produced, and after 
removal from the molds many of the cubes appeared very rough 
on the surfaces. 


RESULTS. 


TABLE I. 


Percentages of samples passing the various sieves. 


No of sample. 


No. of sieve. et SIE ee - — 
1 2 3 4 5 6 
% : . 109perct. 100 perct. 100perct. 100 perct. 100 perct. 100 per ct. 
14 = ~ 8S ae 29.5) 1% 15 os 18.5 “ 77 “ 
20 f a. 26 “* 30 sf 21 oe 9.5 “ 8 ee 62 ie 
30 3 ane 3 as 14 ea 5.5 “f 45 ‘* 47.5 .“ 
TABLE II, 


Voids, weight, and specific gravity of the six samples used. 


No. of sample. 


—- 


1 2 3 4 5 
Percentages of voids . . 86 36 40 46 36 25 
Pounds per cubic foot . . 102 94 95 88 98 88 
Specific gravity . c . 2.6 2.6 2.7 2.7 2.7 2.7 


Six cubes were prepared from each of twelve mixtures of the 
proportions shown in Table III. Of each set of six cubes, three were 
tested at the age of fourteen days, and three at the age of twenty- 
eight days. The average compressive strength obtained for each 
of these smaller sets of three cubes also appears in Table II. 
These tests were made on an Olsen universal testing machine of 
100,000 pounds’ capacity. 
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TABLE III. 
| No. of samples. — Bock: Compressive strength. 
No.of | sand. Crusher Refuse. land Pounds per sq. inch. 
Mixture, _ —- Cement! Water 
1 2 3 | 4 | 5 6 14 days. 28 days. 
“ | 2 | 
Tbs. | Ibs. | Ibs. | Ibs. | ips. | Ibs. | Ibs. | oz 
1 Phuriinsds seen 4.5 16 2,850 | 8,670 
2 Be lane | mod onsl eS a tei ama 16 3,120 5,050 
3 Slows: Ae Decal at el es 16 8,590 4,930 
4 ih cea g eee taace 5 16 8,260 4,210 
5 5 | | 5 | 5 1 4 ; 
ieee et Bites: 5 20 3,830 4,070 
7 cee | Seal toteelh LRG 4.5 16 - 3,420 4,970 
8 fe SN Wed 6 | 4.5 18 3,620 5,250 
cae aes fessiO atone | | 4.5 18 3,170 4,950 
A Pee dunce a ly RRL ME at Shy tas 20 2,480 3,370 
11 Horse Veet | ae ait Bc Ou mee 3 | 45 20 2,920 3,890 
12 | rita has CV be waht Satna 22 2/210 2,910 


Norr.—Each value in last two columns represents the average of three tests, 


Referring to Table III., mixture No. 1 of sand and cement, 
in the proportion of (about) 2 to 1 by weight, is the one commonly 
used on public works as mortar to be combined with broken stone 
for concrete walls, foundations, locks, etc. Its average compressive 
strength at twenty-eight days is seen to be 3670 pounds, as against 
5050 pounds for mixture No. 2, in which 2.5 pounds of sand were 
replaced by 3 pounds of finely-crushed granite (sample No.5). 
It is seen that in the successive mixtures up to No. 9 the amount 
of sand decreases and that of stone increases progressively. Com- 
paring the crushing strength for these various mixtures (Nos. 2 to 
8, inclusive) with that found for mixture No. 1, it is seen that the 
withdrawal of the sand is a benefit until at least two-thirds by 
weight has been replaced by crusher refuse. 

Mixtures Nos. 10, 11, and 12 were made without sand, but 
with very fine crusher dust mixed with twice its weight of small 
crushed stones taken from the refuse of the crusher. The results 
are little lower than those for mixture No. 1, in which sand was 
used without stones, and show that a great saving can be made 
in the construction of large buildings requiring concrete founda- 
tions, where sand is hard to find and transportation rates too high 
to allow hauling from more favorable locations. 

Table IV. contains the results obtained from tests made to 
ascertain the relative tensile strength of 1 to 2 mortar briquettes 
made from Samples Nos. 1 and 6 with Portland cement. The 

27 
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water added was in proportions of ro per cent. by weight. The 
figures in parentheses indicate the number of tests averaged: 


TABLE IV. 


Tensile strength, in pounds per squre inch, of x to 2 mortar briquettes. 


No. of sample. 7 days. 14 days. 28 days. 
1 3 : 30's »  « 292 (25) 808 (7) 394 (10) 
Bors oS A . 366 (10) 440 (5) 486 (25) 


The results in Table IV. do not agree with the conclusions 
of Mr. Feret as presented before the International Maritime Con- 
gress, in London, in 1893: “That it is necessary to use about 
twice as much cement with fine sand as with coarse to obtain the 
same strength of mortar.”’ 

In the light of these seemingly opposite results, it can only be 
inferred for the present that sample No. 6, “crusher dust,” has 
an inherent cementing quality of its own, not found in ordinary 
sand, nor in that used by Mr. Feret, and that further tests should 
be conducted. It is a well-known fact that the “run-off” from 
a newly surfaced road, after a moderate rain-storm, will often fill 
up and cement the voids in the loose stones near the edges of the 
roadway. 

According to the records of the United States Geological 
Survey, there were produced in the United States, in the year ending 
June 30, 1901, over 20,000,000 barrels of cement. For concrete 
of the usual proportions in public works, 14 barrels of cement are 
required for one cubic yard of concrete. The annual consump- 
tion of sand would be 10,000,000 cubic yards, provided it be 
mixed with stone or gravel in proportion of 2 to 3. A cubic 
yard of sand at the most favored locations costs fifty cents delivered 
on the work. Assuming that only one-half of the yearly production 
of cement was used in making concrete in all its forms, then at 
least $2,500,000 was the amount of money involved in a single 
year in the decisions of those who used an inferior article in the 
form of sand rather than the fine materials from the crushers at 
comparatively little expense. 


CHARTER 
OF THE 


AMERICAN SOCIETY FOR TESTING MATERIALS. 


To the Honorable the Judges of the Court of Common Pleas No. 2 
im and for the City and County of Philadelphia: of March 
Term, 1902, No. 2056: 

In compliance with the requirements of an Act of the General 
Assembly of the Commonwealth of Pennsylvania, entitled “An 
Act to Provide for the Incorporation and Regulation of Certain 
Corporations,” approved the 29th day of April, a.p. one thousand 
eight hundred and seventy-four, and the supplements thereto, the 
undersigned, Henry M. Howe, Charles B. Dudley, Edgar Mar- 
burg, Robert W. Lesley, Mansfield Merriman, Albert Ladd Colby 
and William R. Webster, six of whom are citizens of Pennsylvania, 
haying associated themselves together for the purposes hereinafter 
set forth, and desiring that they may be incorporated according to 
law, do hereby certify: 

t. The name of the proposed corporation is the “AMERICAN 
SOCIETY FOR TESTING MATERIALS.” 

2. The corporation is formed for the Promotion of Knowledge 
of the Materials of Engineering, and the Standardization of Speci- 
fications and the Methods of Testing. 

3. The business of the said corporation is to be transacted in 
Philadelphia. 

4. The said corporation is to exist perpetually. 

5. The names and residences of the incorporators are as 
follows: 


Henry M. Howe, 27 West Seventy-third Street, New York. 

CHARLES B. Duprey, Altoona, Pa. 

Epcar MARsurG, 517 South Forty-first Street, Philadelphia. 

Rosert W. LEsLe&y, 22 South Fifteenth Street, Philadelphia. 

MANSFIELD MERRIMAN, South Bethlehem, Pa. 

ALBERT LApp Corsy, South Bethlehem, Pa. 

Witt1am R. Wesster, “The Bartram,” Thirty-third and 
Chestnut Streets, Philadelphia. 
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6. The management of the said corporation shall be vested 
in an Executive Committee, consisting of six (6) members, viz.: 
the Chairman, the Vice-Chairman, the Secretary, the Treasurer 
and two other members of the corporation, and such other officers 
as the corporation may from time to time appoint. 

7- The corporation has no capital stock, and the members 
thereof shall be composed of the subscribers and their associates 
and of such persons as may from time to time be admitted by 
vote in such manner and upon such requirements as may be 
prescribed by the By-Laws. The corporation shall nevertheless 
have power to exclude, expel or suspend members for just or legal 
cause, and in such legal manner as may be ordained and directed 
by the By-Laws. 

8. The By-Laws of this corporation shall be admitted and 
taken to be its laws subordinate to the statute aforesaid; this 
Charter; Constitution and Laws of the Commonwealth of Penn- 
sylvania, and the Constitution of the United States; they shall 
be altered and amended as provided for by the By-Laws them- 
selves; and shall prescribe the powers and functions of the Execu- 
tive Committee herein mentioned and those to be hereafter elected, 
the times and places of meetings of the Committee and this corpora- 
tion; the number of members who shall constitute a quorum at 
the meetings of the corporation, and of the Committee; the qualifi- 
cations and manner of electing members; the manner of electing 
officers; and the powers and duties of such officers; and all other 
concerns and internal arrangements of the said corporation. 

Witness our hands and seals this twenty-first day of March, 
A.D. 1902. 

( Epcar Marsure, 
| R. W. LEstey, 
(Signed) { Wa. R. WEBSTER, 
MANSFIELD MERRIMAN, 
ALBERT Lapp Cosy. 


BY-LAWS. 
(Adopted June 12, 1902.) 


ARTICLE I. 


MEMBERS. 


SECTION 1. Any person, corporation or technical society holding 
membership in the International Association for Testing Materials 
is eligible for membership. 

Sec. 2. Any person, corporation or society can become a 
member of this Society and of the International Association for 
Testing Materials simultaneously upon being proposed by .two 
members of this Society and being approved by its Executive 
Committee. 

Sec. 3. Any member who subscribes annually the sum of fifty 
dollars ($50) toward the general funds of the Society shall be 
designated a Contributing Member, his rights and privileges as a 
member remaining unchanged.* 

Sec. 4. Applications for membership and resignation from 
membership must be transmitted in writing.to the Secretary. 


ARTICLE II. 


OFFICERS AND THEIR ELECTION. 


SECTION 1. The officers shall be a President, Vice-President, 
Secretary and Treasurer. 

Sec. 2. The offices of Secretary and Treasurer shall be held 
by the same person. 

Src. 3. These officers shall be elected by letter-ballot, at the 
Annual Meeting, and shall hold office for two years. 

Src. 4. The Executive Committee shall consist of these officers 
and also the last past-President and three members, two being 
elected by letter-ballot at each Annual Meeting in the odd years 
and one at each Annual Meeting in the even years. 

Sec. 5. The President shall be, ex officio, the nominee for 
American Member of the Council of the International Association. 

Sec. 6. The Secretary shall receive a salary to be fixed by the 
Executive Committee. 


* ‘The Executive Committee has ruled that Contributing Members shall be 
exempt from the regular membership dues. 
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Sec. 7. The officers and members of the Executive Committee 
of this Society to hold office until the next election under these 
By-Laws, shall be as follows: To hold office for two years— 
President, Charles B. Dudley; Vice-President, R. W. Lesley; 
Secretary-Treasurer, Edgar Marburg; members of the Executive 
Committee, Henry M. Howe and James Christie. To hold office 
for one year—members of the Executive Committee, Albert Ladd 
Colby and John McLeod. 

Sec. 8. The above officers and members of the Executive 
Committee, as well as all succeeding officers and members of 
the Executive Committee elected under these By-Laws, shall 
serve for the respective terms to which they shall have been 
elected, or until their successors shall have been duly elected. 

SEc. 9. The Executive Committee shall have the power to 
fill any vacancies occurring in their number by death, resignation 
or otherwise. 

SEC. 10. The election of officers and members of the Executive 
Committee shall be by letter-ballot. The Executive Committee, 
before each Annual Meeting, shall appoint a Nominating Com- 
mittee, whose duty it shall be to nominate a full list of officers. 
The list of nominations so made shall be submitted to the member- 
ship not more than eight (8) nor less than four (4) weeks before 
the coming Annual Meeting. 

Further nominations, signed by at least ten (10) members, 
may be submitted to the Secretary in writing at least four (4) 
weeks before the Annual Meeting, and such nominations shall 
also be submitted to the membership on the official ballot. 


ARTICLE III. 


MEETINGS. 


SECTION 1. The Society shall meet annually. The time and 
place of each meeting shall be fixed by the Executive Committee. 

SEc. 2. Special meetings may be called whenever the Execu- 
tive Committee shall deem it necessary, or upon the request in 
writing to the President of twenty-five (25) members. 


ARTICLE IV. 


DUES. 


SECTION 1. The fiscal year shall commence on the first of 
January, and all dues shall be payable in advance. 
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Sec. 2. The annual dues of each member shall be $3.00. Of 
this amount $1.50 shall be transmitted by the Secretary to the 
International Association for Testing Materials. The remainder 
shall be applied to the treasury of the Society. 

Src. 3. Any member of the Society whose dues shall remain 
unpaid for the period of one year shall forfeit the privileges of 
membership. If he neglects to pay his dues within thirty days 
thereafter, and after notification from the Secretary, his name 
may be stricken from the roll of membership by the Executive 
Committee. 


ARTICLE V. 


AMENDMENTS. 


SEcTIoN 1. Proposed Amendments to these By-Laws, signed 
by at least three members, must be presented in writing to the 
Executive Committee at least four weeks before the next Annual 
Meeting. In the notices for this meeting the proposed Amend- 
ments shall be printed. At the Annual Meeting the proposed 
Amendment may be discussed and amended and may be passed 
to letter-ballot by a two-thirds vote of those present. 

If two-thirds of the votes obtained by letter-ballot are in 
favor of the proposed Amendment, it shall be adopted. 

Src. 2. The Executive Committee is authorized to number 
the Articles and Sections of the By-Laws to correspond with any 
changes that may be made. 


RULES GOVERNING THE EXECUTIVE COMMITTEE. 


1. Regular meetings shall be held on the first Saturday in 
January, April, July and October. Four members shall constitute 
a quorum. 

At each meeting the Secretary shall report the names of all 
new members and of members who have resigned during the 
previous quarter, and shall present a financial statement. 

At the January meeting the Secretary shall report the names 
of all members whose dues are unpaid. 

The accounts of the Secretary shall be duly audited at the 
middle and close of each fiscal year, and the report of the auditors 
shall be presented in writing at the July and January meetings. 

2. Special meetings may be held at any time at the call of 
the President, or upon the written request of four members of 
the Executive Committee. The notice for such meetings shall 
be mailed by the Secretary at least one week in advance of the 
meeting, and the business shall be stated in the notice. 

3- The Secretary shall transmit to the International Associa- 
tion within five days after the first day of January, April, July 
and October $1.50 for each member whose dues were paid in the 
previous quarter together with the names of those members. 

No other expenses shall be paid except on vouchers certified 
to be correct by the Chairman of the Committee on Finance, or 
a member thereof designated by the Chairman. 
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INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


Historical.—The International Association for Testing Ma- 
terials had its origin in a conference of a small group of workers 
in experimental engineering held in Munich in- 1882, at the instance 
chiefly of the late John Bauschinger. Meetings on a larger scale 
were subsequently held in Dresden (1884), Berlin (1886), Munich 
(1888), Vienna (1893) and Zurich (1895). At the Zurich Congress 
the International Association for Testing Materials was formally 
organized, the Second Congress was held at Stockholm in 1897, 
the Third Congress met at Buda-Pesth in 1901,* the Fourth Con- 
gress will assemble at St. Petersburg August 18-24, 1904, and 
succeeding congresses will be convened biennially thereafter. 

Membership.—The membership, according to the latest official 
report (February, 1904), is distributed as follows: United States, 
399; Germany, 367; Russia, 364; Austria, 193; France, 154; 
Switzerland, 82; Hungary, 80; Belgium, 53; England, 52; Italy, 
50; Sweden, 49; Denmark, 48; Holland, 45; Norway, 44; Spain, 
14; Portugal, 11; Servia, 5; Luxemburg, 4; Australia, 2; Brazil, 
2; Roumania, 2; Argentine Republic, 1; Chili, 1. Total, 2022, 
representing 23 countries. 

Objects.—The objects of the Association, as set forth in its 
By-Laws,{ are: ‘The development and unification of standard 
methods of testing; the investigation of the technically important 
properties of the materials of construction and other materials of 
technical importance, and also the perfecting of apparatus used 
for that purpose.” ; 

The important subject of specifications has, however, also 
-been included within the scope of the Association’s activity. Thus, 
International Committee No. 1 has been charged to report on the 
following problem: “On the basis of existing specifications, to 
seek methods and means for the introduction of international 

* The Third Congress, originally scheduled for 1900, to be held at Paris dur- 
ing the Exhibition, was abandoned in order not to conflict with the International 
Testing Congress, conducted under French auspices. 

t+ The American membership is now (March, 1904) 429. 

t These By-Laws are given in full on pp. 471-473. 
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specifications for testing and inspecting iron and steel of all 
kinds.” 

Again, in pursuance of American initiative at the Buda-Pesth 
Congress (1901), Committee No. 1 has been enlarged by the 
addition of three American members, with a view of reporting on 
“Standard International Specifications for Cast Iron and Finished 
Castings,” and Committee No. 22 has been instructed to report 
‘““On the Feasibility of the Establishment of Standard International 
Specifications for Cements.” 

Administration.—The affairs of the Association are admin- 
istered by a Council, consisting of the President and one repre- 
sentative (member of Council) from each country having a mem- 
bership of twenty (20) or more. 

Methods.—The original plan was to conduct investigations 
almost exclusively through the agency of international committees. 
These committees proved unwieldy, however, by reason of their 
large membership, with the added difficulties arising from geo- 
graphical separation and differences of language. In pursuance 
of resolutions at the Buda-Pesth Congress (1901) the Council has 
discharged some of these committees, reassigning the problems 
in part to individual referees.* In the case of questions of direct 
international concern the original international committees are 
continued. : 

At the international congresses the reports of these committees 
as well as individual contributions by members are presented and 
discussed. 

Publications—On May 5, 1896, the International Council 
effected an arrangement with the publishers of Bawmaterialen- 
kundet (Materials of Construction) by which that journal became 
the official organ of the Association. Since July, 1896, this journal 
has published the Proceedings of Congresses and other official 
matter in German and French. The fact that the Association 
did not furnish printed Proceedings to members free of charge, 
and that no provision had been made for translation into English, 
gave rise to no little dissatisfaction. At the Buda-Pesth Congress 
(1901) the International Council was accordingly authorized to 
perfect a new arrangement by which all jofficial matter is now 

* For complete list of problems, committees and referees, see pp. 474-480. 

+ Baumaterialenkunde: Published bi-weekly at Stuttgart, Germany, in German 
and French. Regular subscription price $3.50 per annum; special terms to mem- 
bers of the International Association for Testing Materials, $2.50 per annum. 
Address: Staehle & Friedel, No. 57 Tuebinger Street, Stuttgart, Germany. 
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published in three separate editions (German, English and French) 
and sent free of charge to every member of the Association in what- 
ever language is preferred. 


ORGANIZATION OF THE AMERICAN MEMBERS OF THE INTER-— 
NATIONAL ASSOCIATION. 


Fistorical—With a view of bringing the members of like 
nationality into closer relations among themselves, and in order 
to simplify the management and render the work of the Associa- 
tion more effective, it was decided at the Stockholm Congress (1897) 
to encourage the consolidation of the membership in the various 
countries into separate national organizations. In pursuance of 
this action the American members met in Philadelphia on June 16, 
1898, and organized under the name of the “American Section of 
the International Association for Testing Materials.” 

In March, 1902, the Executive Committee of the American 
Section applied for a Charter under the laws of the State of Penn- 
sylvania for purposes of incorporation under the proposed new 
name of the “American Society for Testing Materials.” This 
Charter was duly granted, and at the Fifth Annual Meeting, held 
at Atlantic City, N. J., it was unanimously adopted on June 12, 
1902. 

Objects.—The objects of the Society are essentially identical 
with those of the International Association, with which it stands 
in direct organic relation, both through its membership in the 
same as a body, and through the prescribed individual membership 
on the part of every one of its members. 

As stated in the Charter: “The corporation is formed for 
the promotion of knowledge of the materials of engineering, and 
the standardization of specifications and the methods of testing.” 

Representation on the International Council—The American 
members are entitled to one representative on the International 
Council. By the new Statutes of the Association (1gor): “the 
members of Council shall be proposed by the members of each 
country; their final appointment being confirmed by the Con- 
gress.” According to the By-Laws of the American Society the 
President becomes, “‘ ex officio, the nominee for American Member 
of the Council of the International Association.” 

Meetings.—The Society meets annually at a time and place 
fixed by the Executive Committee. Special meetings may also 
be called in accordance with the provisions of the By-Laws. 
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Annual meetings have been held in past years as follows: 

First Annual Meeting, Philadelphia, Pa., House of Engineers’ 
Club of Philadelphia, August 27, 1808. 

Second Annual Meeting, Pittsburg, Pa., Rooms of Engineers’ 
Society of Western Pennsylvania, August 15, 16, 1899. 

Third Annual Meeting, New York, N. Y., House of American 
Society of Mechanical Engineers, October 25, 26, 27, 1900. 

Fourth Annual Meeting, Niagara Falls, N. Y., International 
Hotel, June 29, rgot. 

Fifth Annual Meeting, Atlantic City, N. J., Hotel Traymore, 
Junente; ta; eaoos: 

Sixth Annual Meeting, Delaware Water Gap, Pa., Hotel 
Kittatinny, July 1, 2, 3, 1903. 

Membership.—The number of American members at the time 
of the organization meeting in 1898 was 7o. The membership 
reported at the successive annual meetings was as follows: (1899) 
128, (1900) 160, (Igor) 168, (1902) 175, (1903) 349, and it is now 
(March, 1904), 4209. 

Methods.—The operations of the Society are conducted in 
part under the auspices of the International Association and in 
part independently. 

The number of American representatives on international 
committees is fixed by the International Council. These American 
sub-committees are authorized, however, to increase their number 
at pleasure, subject always to the approval of the Executive Com- 
mittee of the American Society. The sense of these enlarged sub- 
committees on all questions is determined by majority vote; but 
on the international committees the representation and the number 
of votes allowed remain as originally fixed by the International 
Council. 

The American Society appoints other committees at its dis- 
cretion entirely independently of the International Association. 
The policy is to accord equal numerical representation on such 
committees to engineers (or scientists) and to manufacturers. 

The Committees of the American Society are now as follows: 

A. On Standard Specifications for Iron and Steel. 

B. On Standard Specifications for Cast Iron and Finished 
Castings. 

C. On Standard Specifications for Cement. 

D. On Standard Specifications for Paving and Building Brick. 

E. On Preservative Coatings for Iron and Steel. 

F, On Heat Treatment of Iron and Steel. 
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G. On the Magnetic Properties of Iron and Steel. 

H. On Standard Tests for Road Materials. 

J. On Steel-Concrete. 

J. On the Corrosion of Metals. 

Publications —The publications of the Society appeared orig- 
inally at irregular intervals in the form of bulletins. Twenty- 
eight (28) bulletins, containing a total of 266 pages, were thus 
issued. In 1902 it was decided to publish the Proceedings there- 
after in the form of annual volumes. The first of these volumes, 
designated Volume II. of the Proceedings, contains 388 pages, the 
Bulletins previously issued constituting Volume I.* 

A notable work accomplished by the Society is the framing, 
by the American Branch. of International Committee No. 1 (en- 
larged for this purpose to thirty-four members) and the adoption 
in August, 1901, by letter-ballot of the Society, of Standard Speci- 
fications on (1) Structural Steel for Bridges and Ships, (2) Struc- 
tural Steel for Buildings, (3) Open-hearth Boiler Plate and Rivet 
Steel, (4) Steel Rails, (5) Steel Splice Bars, (6) Steel Axles, (7) 
Steel Tires, (8) Steel Forgings, (9) Steel Castings, (10) Wrought 
Iron. These ten Standard Specifications are published separately 
in the order given as Bulletins Nos. 8 to 16 inclusive, and Bulletin 
No. 24. 


* Bulletins Nos. 1, 2 and 3 are out of print. Bulletins Nos. 4 to 28, inclusive, 
may be had on application to the Secretary at the price of ten cents (10) each. 
The price of the annual volumes is three dollars ($3), postage prepaid. For 
Table of Contents of previous publications, see pp. 466-469. 


OFFICERS 
OF THE 


AMERICAN SOCIETY FOR TESTING MATERIALS. 


PRESIDENT, 
CHARLES B. DUDLEY. 


VICE-PRESIDENT, 
R. W. LESLEY. 


SECRETARY-TREASURER, 
EDGAR MARBURG. 


Office : University of Pennsylvania, Philadelphia, Pa. 


MEMBERS OF THE EXECUTIVE COMMITTEE : 
Term Expiring in 1904. ; 
James CHRISTIE, Henry M. Howe. 
Term Expiring in 1905. 
ALBERT Lapp Cosy, Joun McLeop. 


STANDING COMMITTEES. 


COMMITTEE ON FINANCE. 


Joun McLeop, Chairman, ALBERT LADD COoLBy, 
R. W. LEs.ey. 


COMMITTEE ON MEMBERSHIP. 


JAMES CHRISTIE, Chairman, R. W. LESLeEy; 
EDGAR MARBURG. 


COMMITTEE ON PUBLICATIONS. 


Henry M. Howe, Chairman, ALBERT LADD Co xsy, 
EpGAR MARBURG. 


LIST OF MEMBERS 
OF THE 


AMERICAN SOCIETY FOR TESTING MATERIALS. 


[Affiliated with the International Association for Testing Materials.] 


ELECTED 
1902. ACKERMAN, ERNEST R., President, Lawrence Cement Company, 


1 Broadway, New York, N. Y. 
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1902. ALLEN, Francis B. Mechanical Engineer; Second Vice- 
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Secretary, P. O. Box 432, New York, N. Y. 
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BaILEy, J. B. Treasurer and General Manager, Central Iron 
and Steel Company, Harrisburg, Pa. 

BAKENHUS, R. E. Civil Engineer, United States Navy, Naval 
Training Station, Newport, R. I. 

Baker; IRA O. Professor of Civil Engineering, University of 
Illinois, Champaign, Il. 

BARBOUR, FRANK A. Civil Engineer, Snow and Barbour, 1121 
Tremont Building, Boston, Mass. 

BartoL, GeorcE E. President, Dexter Portland Cement Com- 
pany, 232 The Bourse, Philadelphia, Pa. 

Basqguin, Orin H. Associate Professor of Physics, North- 
western University, Evanston, Ill. 

BAssETT, WiLt1AM H. Chemist in charge of Laboratories, Coe 
Brass Manufacturing Company, Torrington, Conn. 

BATEMAN, F. W. Civil Engineer, Clinton, Mass. 

BECKETT, JAMES A. General Superintendent, Walter A. Wood 
Mower and Reaper Company, Hoosick Falls, N. Y. 

BENTLEY, ROBERT. Secretary and General Manager of the 
Ohio Iron and Steel Company, Lowellville, O. 

Berc, WALTER G. Chief Engineer, Lehigh Valley Railroad, 
261 West Fifty-second Street, New York, N. Y. 

BERGER, BERNT. Civil Engineer, Assistant Engineer to Theo- 
dore Cooper, 35 Broadway, New York, N. Y. 

BERRALL, JAMES. Civil Engineer, Bond Building, Washington, 
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BETHLEHEM STEEL Company. E. O’C. Acker, Assistant Gen- 
eral Superintendent, South Bethlehem, Pa. 

BISSELL, GEORGE W. Professor Mechanical Engineering, Iowa 
State College, Ames, Iowa. 

Bixpy, W. H. Major, Corps of Engineers, United States Army. 
Address unsettled during rg04. 

Briss, Cortmns P. Professor of Mechanical Engineering, and 
Director of Testing Laboratory, New York University, Uni- 
versity Heights, New York, N. Y. 

Bocxinc, RupotpH. Halbergerhutte, Post Brebach, Ger- 
many. 

BOLLER AND Hopce. Consulting Engineers, 1 Nassau Street, 
New York, N. Y. 

Bonzano, A. President, Bonzano Rail-Joint Company, 331 
South Eighteenth Street, Philadelphia, Pa. 

BootH, GARRETT AND Brarr. Engineers and Chemists, 406 
Locust Street, Philadelphia, Pa. 
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. Boynton, C. W. Cement Inspector, Baltimore and Ohio Rail- 

road, Wheeling, W. Va. 

. Brare, L. F. General Manager, Continuous Rail-Joint Com- 
pany, Newark, N. J. : 

BRAMWELL, JOSEPH W. Falkenau-Sinclair Machine Company, 
10g North Twenty-second Street, Philadelphia, Pa. 

BroapHurst, W. H. Chemist, Department of Public Works, 
Municipal Building, Brooklyn, N. Y. 

Brown, CHARLES CARROLL. Editor, Municipal Engineering 
Magazine, 408 Commercial Club Building, Indianapolis, Ind. 

BRUNNER, JoHN. Assistant General Superintendent, Illinois 
Steel Company, 1732 Chicago Avenue, Evanston, Ill. 

Bucxiry, E. R. Director, Missouri Bureau of Geology and 
Mines, State Geologist, Rolla, Mo. 

Bupp, H. I. Commissioner of Public Roads of State of New 
Jersey, Mt. Holly, N. J. 

BUNNELL, F.O. Engineer of Tests, Chicago, Rock Island and 
Peoria Railway, Forty-seventh Street and Wentworth Avenue, 
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New York, N. Y. 

BuRNHAM, RAaymMonp. Associate Professor Experimental Engi- 
neering, Armour Institute of Technology, Chicago, Ill. 

Burr, Wiri1AM H. Professor of Civil Engineering, Columbia 
University, New York, N. Y. 

Buzzi, P. D. Superintendent of Engineering Laboratory, Tacon 
3, Havana, Cuba. 


CaMBIER, JAcoB. Chemist, Colorado Fuel and Iron Company, 
gio Spruce Street, Pueblo, Colo. 

CamBRIA STEEL Company. George E. Thackray, Structural 
Engineer, Johnstown, Pa. ; 
CampBELL, H. H. Superintendent and General Manager, The 

Pennsylvania Steel Company, Steelton, Pa. 
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EDWARD ORTON, JR., Chairman. 


Ira O. Baker. Logan Waller Page. 
W. K. Hatt. W. D. Richardson. 
Edgar Marburg. Arthur N. Talbot. 


Edward Orton, Jr. 


CoMMITTEE E, ON PRESERVATIVE COATINGS FOR IRON AND 
STEEL. : 


S. S. VooRHEES, Chairman. 
JoserH F. WALKER, Secretary. 


W. A. Aiken. W. A. Powers. 
The Joseph Dixon Crucible Company, A. H. Sabin. 

Malcolm MacNaughton. G. W. Thomson. 
Charles B. Dudley. S. S. Voorhees. 

N. F. Harriman. Joseph F. Walker. 
International Acheson Graphite Co., J. W. Whitehead, Jr. 

C. L. Collins. Max H. Wickhorst. 
Robert Job. The A. Wilhelm Company, 
Spencer B. Newberry. Charles J. Davies. 
Charles L. Norton. William R. Webster. 
Patterson-Sargent Company, 

W. A. Polk. 


ComMITTEE F, ON HEAT TREATMENT OF IRON AND STEEL. 
Henry M. Howe. Albert Sauveur. 


CoMMITTEE G, ON THE MAGNETIC TESTING OF IRON AND 


STEEL. 
J. WALTER ESTERLINE, Chairman. 
John A. Capp. Richard G. Moldenke. 
J. Walter Esterline. J. A. Mathews. 
W. A. Layman. 


ComMITtrrE H, oN STANDARD TESTS FOR ROAD MATERIALS. 


LoGAN WALLER PAGE, Chairman. 
ARTHUR_N. JOHNSON, Secretary. 


Ira O. Baker. Arthur N. Johnson, 
Henry I. Budd. Frederic A. Kummer. 
A. W. Dow. Nelson P. Lewis. 

A. B, Fletcher. Henry C. Newcomer. 
G. B. Hemstreet. Logan Waller Page. 


J. A. Holmes. Calvin Tomkins. 
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ComMITTEE I, ON STEEL-CONCRETE. 
R. W. LEstey, Chairman pro tem. 


E. Lee Heidenreich. C. M. Mills. 

R. L. Humphrey. L. S. Moisseff. 
A. L. Johnson. H. H- Quimby. 
R. W. Lesley. ; W. P. Taylor. 
Edgar Marburg. F. E. Turneaure. 


CoMMITTEE J, ON CORROSION OF METALS. 
(In course of organization.) 
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ANNUAL REPORT OF THE EXECUTIVE COMMITTEE. 


Since the Fifth Annual Meeting of the Society, the Executive 
Committee has held five meetings, of which one was informal by 
reason of the absence of a quorum. An abstract of the minutes 
of these meetings is appended to this report... 

The Society’s record during the past year is highly gratify- 
ing. The membership has doubled, or, to be exact, has risen 
from 175 to 349. The new plan of publication in the form of 
annual volumes instead of bulletins issued at irregular intervals 
has met with general approval. The. first volume thus issued 
during the past year.contains 388 pages, as against an average 
output of 67 pages per annum during the preceding four years 
of the Society’s existence. The Proceedings have been widely 
and most favorably noticed in the technical press. The program 
of the Sixth Annual Meeting promises equally good or even 
better results for the coming year. 

Commuittees—Much of the most valuable work of the Society 
must necessarily be done through its committees. Of the older 
committees some have been discharged, others reorganized and 
strengthened, and several new committees have been created. 
The complete list of existing committees is as follows: 

A. On Standard Specifications for Iron and Steel 

B. On Standard Specifications for Cast Iron and Finished 
Castings. 

C. On Standard Specifications for Cement. 

D. On Standard Specifications for Paving and Building 
Brick. 

E. On Preservative Coatings for Iron and Steel. 

F. On Heat Treatment of Iron and Steel. 

G. On the Magnetic Properties of Iron and Steel. 

HT. On Bitumen. 

With one or two exceptions, all of these committees are 
expected to present reports for the year at this meeting. 

Publications.—In addition to the annual volume, designated 
Volume II. of the Proceedings, two pamphlets of 53 and 69 pages 
respectively, containing the list of members and other information 
concerning the Society, have been issued. Announcements of 
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minor, or temporary, interest have been made from time to time 
through a series of numbered circulars, of which six have appeared 
during the year. 

Membership.—The total membership at the last Annual 
Meeting was 175. During the year 181 new applications to 
membership have been received and accepted. There has been 
a loss of five members by resignation, and of two by death: J. B. 
Johnson died on June 23, 1902, and W. P. Black on December 
12, 1902. The net increase in the membership is 174 for the 
year, making a total at present of 349. Of this number 11 are 
in arrears for their dues for more than the current year, viz.: 
1 for 5 years, 2 for 4 years, 4 for 3 years, and 4 for 2 years. The 
new By-Laws empowering the Executive Committee to strike the 
names of delinquents from the roll of membership has now been 
in force one year, and the committee proposes to exercise this 
authority at its next quarterly meeting. 

Relations with the International Association for Testing 
Materials.—Close relations have been maintained with the Inter- 
national Association throughout the year by frequent correspond- 
ence. The only printed matter furnished to our members during 
the past year at the expense of the International Association 
consists of the English translation of the Revised By-Laws of the 
Association, the Revised List of International Committees, etc., 
the Minutes of the Buda-Pesth Congress and of the Tenth Annual 
Meeting of the Council. The translations of these minutes were 
both prepared under the supervision of our Society in view of 
the numerous complaints received in the past by reason of the 
faulty rendition of the original text into English. The President 
has given the assurance that every effort will be made to improve 
translations in the future. The Minutes of the Eleventh Annual 
Meeting of the International Council, held in Vienna, March 
Q-I0, 1903, are promised for early delivery. From an advance 
copy recently received, it appears that national societies similar 
to our own exist now in Germany, France, Italy, Hungary and 
Norway, and that the total membership in the Association is 
1937. The next Congress will be held in St. Petersburg, August 
18-24, 1904. All material to be presented at that Congress must 
be in the hands of President Tetmajer by January 15, 1904, in 
order that the same may be translated, printed and distributed 
well in advance of the convention. The question of translating 
all papers into English, with a view of their free distribution 
among the English-speaking members, is still undecided. The 
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Executive Committee proposes to introduce a resolution at this 
meeting urging the International Council to take measures to 
that end. 

Finances.—The financial condition of the Society appears 
from the following report for the year on the part of the 
Treasurer: 


ANNUAL REPORT OF THE TREASURER. 


From June 9, 1902, to June 30, 1903. 


RECEIPTS. . 
Avi era ers TUeSS see Meee epee tte fa whe Ses wee ace $1174 00 
HEXCESS PREMILUCANGES wre teieee RIC Oe SA Sorel Neate ens sie 16 
SED EGU MOUS tee tetera rs eer Secs. eek Sebastes 2550 00 
Blas ar PUD MGaOuSe seme seme sane 8 oa cite < /ni6isie'w soe die 54 05 
PRET IA US eer ome eee ee ne ois eiavs, ths mic geese err aie ee 98 69 
Orders Hox binding sewerasene eee oe Sees adic ica bo Siew loee 60 75 
finteres Gone le nosits oom verte cn trenes Sct Ce ee ch ay 15 18 
BliataliireCelp came asp Serer scot repens (eno t $3952 83 
Cash balance, [ime-o7 1902) ccc eso dens. ce nc eetc 87 51 
loys eye 
DISBURSEMENTS. 
Membership dues, International Association.............. $ 552 00 
Subscription to the International Association............-. 20 00 
Printing, engraving, binding, stationery, etc..............- 1766 47 
pecretary:s (Salary; seem acieeeee eee troe a cia eee 800 00 
Glericaliservices..2 fee aoe a eee eee eS, nec ok 200 00 
SS PENSEs “SECretary’S \OMICE Ne mmmtemate te omen. ceca o. chee 142 44 
Stenographer, Fifth Annual Meeting? .. -. 2... o.2 ce. se 156 36 
OES Rr ee re ren SSS Some ae ee a 89 00 
SEOMDULbeeS) =: CXPEDSES tae see mie me serie a aloe fons Gini niet a 25 80 
BU ARSE CLE is acon ca 3 eee ee etre ulate oo Sek amas 25 00 
otal disbyrsémentee. sens Se. vk syd aes eae $3777 07 
Gasp sbalance, july ctestGoe se 2a 5c. Siete 263 247 
$4040 34 


There are no unpaid bills on hand, July 1, 1903, and the 
known liabilities aggregate about $125. The financial question 
is a serious one, to which the Executive Committee has given 
much thought. The operations of the year could not have been 
carried to a successful issue without generous subscriptions. 
During the past year these have aggregated $2550. At the 
present rate of growth the Society should become self-sustaining 
within a few years with a moderate increase of dues. In the 
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mean time the Executive Committee recommends the creation 
of a new class of members to be known as “Contributing Mem- 
bers.” The proposed change in the By-Laws to render this 
measure effective has been duly announced in circular No. 5 
and will be submitted at this meeting for formal action. It is 
recommended that Section 3, Article L, be designated Section 4, 
and that 2 new Section 3 be inserted, viz.: “Any member who 
subscribes annually the sum of fifty dollars ($50) toward the general 

ds of the Society shall be designated a Contributing Member, 
his rights and privileges as a member remaining unchanged.” 
It is believed that the services rendered by the Society to manu- 
facturers and consumers alike in affording them a medium for. 
the free interchange of views on common ground is fully appre- 
ciated and that financial support in the form proposed will be 
readily fo ing. : 


Submitted on behalf of the Executive Committee, 


Epesr Mareure, CHaries B. DuDLey, 
Secretary. President. 


REPORT OF AUDITING COMMITTEE. 


” Poraperruis, Pa., July 1, 1903- 
To the Executive Commitice of the American Society jor Testing 
Materials: 

We have examined the books and accounts of the Secretary 
and Treasurer, from January 1, 1903—the date of the last audit— 
to July 1, 1903, the date of the annual report of the Treasurer, 
and find the cash balance of $263.27 to be correct. 


[Signed] James CuRisTIE, 
R. W. Lestey, 
Auditing Committee. 


APPENDIX. 


ABSTRACT OF MINUTES OF THE EXECUTIVE COMMITTEE. 


REGULAR MEETING, July 24, 1902.—Engineers’ Club of Philadelphia, 1122 
Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, Lesley, Christie, Colby 
and Marburg of the Executive Committee, and Mr. W. R. Webster on invitation. 

The Secretary reported the receipt of 31 applications for membership, duly 
approved, one resignation, and the loss of one member by death—J. B. Johnson, 
who died on June 23, 1902, making the total membership 204. 

In pursuance of resolutions at the Fifth Annual Meeting it was decided to 
create committees on “Protective Coatings for Iron and Steel” and on “Standard 
Specifications for Cement,” and to postpone action relative to the appointment 
of a committee on “Standard Specifications for Paving and Building Brick.” 

At the invitation of President Tetmajer, nominations of American members 
were made for several international committees. 

The Secretary was authorized to have a pamphlet on “Rules for Standard 
Tests of Materials Formulated by the German Association for Testing Materials” 
translated into English, at an expense of $25. 

The President was authorized to appoint standing committees (2) on Finance 
(6) on Publication, (¢€) on Membership. 

It was decided to issue the Proceedings henceforth in the form of annual 
volumes. ; 

The Secretary submitted a set of proposed rules for the government of the 
Executive Committee, which were adopted in amended form. 


REGULAR MEETING, October 4, 1902.—Engineers’ Club of Philadelphia, 
1122 Girard Street, Philadelphia, Pa. Present: Messrs. Lesley, Christie and 
Marburg of the Executive Committee. 

A telegram was received from President Dudley stating that owing to the 
lateness of his train it would be impossible for him to reach the meeting. 

In the absence of a quorum it was decided to hold an informal meeting, with 
the understanding that any action taken would be subject to the approval of the 
Executive Committee at its next meeting. i 

The Secretary reported the receipt of 24 applications for membership, duly 
approved. 

The Secretary announced the appointments by the President on standing 
committees of the American Society and nominations on International Committees. 

The Secretary quoted from a letter from President Tetmajer to the effect 
that the American Society for Testing Materials had been duly elected to member- 
ship as a body in the International Association for Testing Materials. 

It was decided to subscribe the sum of $20 (roo francs) toward the general 
funds of the International Association. 
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The price of the Proceedings to non-members was fixed at three dollars ($3) 
and that of extra copies to members at one dollar ($1) per copy. 


REGULAR MEETING, January 3, 1903—Engineers’ Club of Philadelphia, 
1122 Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, Lesley, Christie 
and Marburg. 

The proceedings of the meeting held on October 4, 1902, in the absence of a 
quorum, were formally approved. 

The Secretary reported the receipt of 36 applications for membership, duly 
approved, and one resignation, bringing the total membership to 263. 

The report of the Auditing Committee was submitted, certifying to the correct- 
ness of the Treasurer’s accounts up to December 31, 1902. 

It was resolved to appoint American committees on “Standard Specifications 
for Cast Iron and Finished Castings” and on “Bitumen.” 

The Secretary reported the receipt of the following publications from President 
Tetmajer for distribution among the American members: 

1. Revised By-Laws of the International Association. 

2. Revised List of Technical Problems, Committees and Referees. 

3. Minutes of Proceedings of Tenth Meeting of the International Council, 
Vienna, March 1, 2, 1902. 

The Secretary stated that the Revised By-Laws had been reprinted in full 
in the pamphlet recently issued; that the Revised List of Technical Problems, etc., 
contained numerous errors, and that its contents in so far as it interested the 
American members had also been published in corrected form in the pamphlet; 
and that the translation of the Minutes of Council was so defective that President 
Tetmajer had agreed to its republication in America at the expense of the Inter- 
national Association. It was decided to accept this offer and not to distribute the 
other two publications. 

The price of the Bulletins was fixed at ten cents (.10) each. 

It was decided to continue the committee on “Heat Treatment of Iron and 
Steel’’ as at present constituted, to reorganize the committee on “Magnetic Prop- 
erties of Iron and Steel,’”’ and to create a committee on “Standard Specifications 
for Paving and Building Brick.” 

The Secretary was instructed to send complimentary copies of Volume II. 
of the Proceedings to the members of the International Council. 


REGULAR MEETING, April 4, 1903.—Engineers’ Club of Philadelphia, 1122 
Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, Lesley, Christie and 
Marburg, members of the Executive Committee, and Mr. E. H. Martin as repre- 
sentative of Mr. McLeod. 

The Secretary reported the receipt of 49 applications for membership, duly 
approved, and three resignations, making a total membership of 309 . 

The enlarged membership of the following committees was formally approved: 

On Standard Specifications for Cement. 

On Standard Specifications for Cast Iron and Finished Castings. 

On Protective Coatings for Iron and Steel. 

On Magnetic Testing of Iron and Steel. 

On Bitumen. 
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“t was decided to change the designation of the American branch of Inter- 
national Committee No. 1, inits enlarged form, to that of a committee on “Standard 
Specifications for Iron and Steel.” 

It was resolved to recommend to the Society at its next annual meeting: 
(1) That on all standing committees concerned with subjects involving commercial 
interests an equal numeric balance shall be preserved between engineers, scientists 
and representatives of consumers on the one hand, and manufacturers or their 
representatives on the other; (2) that the permanent chairmanship shall be vested 
in a member belonging to the former class, duly elected by the committee. 

The President was empowered to authorize expenditures on the part of stand- 
ing committees to an amount not exceeding twenty-five dollars ($25) for any single 
committee, between the quarterly sessions of the Executive Committee. 

It was agreed to hold the Sixth Annual Meeting at Delaware Water Gap, 
Pa., on July 1, 2 and 3. 

The arrangement of the program for the annual meeting was left with power 
to the President and Secretary. 

It was decided to authorize an exchange of publications with other technical 
societies who might wish to take the initiative, and to allow a discount of 20 per 
cent. on all publications to libraries, publishers and book dealers. 

The Secretary was instructed to notify delinquents in arrears for one year 
or more that unless their dues be paid by July 1 they would become subject to 
the provisions of the new By-Laws respecting delinquents. 

The appointment of a nominating committee for prospective vacancies on 
the Executive Committee was left with power to the President. 


SPECIAL MEETING, May 23, 1903.—Engineers’ Club of Philadelphia, 1122 
Girard Street, Philadelphia, Pa. Present: Messrs. Christie, Colby, McLeod and 
Marburg of the Executive Committee, and Mr. W. R. Webster on invitation. 

The Committee on Program for the Sixth Annual Meeting submitted a pro- 
visional list of speakers and subjects, which was approved, and the committee 
continued to perfect arrangements for the meeting. 

The Secretary announced the appointment by the President of Messrs. W. R. 
Webster, G. S. Webster and S. T. Wagner on the committee for nomination of 
officers, and that this committee had nominated Messrs. Albert Ladd Colby and 
John McLeod for membership on the Executive Committee for 1903-05. 

It was resolved to recommend the adoption of the following amendment of 
the By-Laws: That Section 3, Article I., be designated Section 4, and that a new 
Section 3 be inserted, viz.: “Any member who subscribes annually the sum of 
fifty dollars ($50) toward the general funds of the Society shall be designated a 
Contributing Member, his rights and privileges as a member remaining unchanged.” 

In pursuance of an inquiry from President Tetmajer it was decided to furnish 
the Proceedings to members of the International Association at the regular price 
of three dollars ($3) per volume. 

Attention was called to the desirability of giving due recognition to the English 
language in printing the Proceedings of the International Association, and it was 
agreed to bring this matter up for formal action at the Annual Meeting. 
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PREVIOUS PUBLICATIONS. 


TABLE OF CONTENTS. 

Notz.—The Society, from its organization in 1398 till its incorporation under 
its present name in 1902, was designated the American Section of the International 
Association for Testing Materials. During this period twenty-eight (23) Bulletins 
were issued, which, collectively, constitute Volume I. of the Proceedings. In 1902 
it was decided to publish the Proceedings in the form of annual volumes. Volume 
IL, containing 733 pages, is the first volume of this new series. An abridged Table 
of Contents follows. 


VOLUME I. 


Bullain No.1. Issued April, 1899. Pp. 1-8. 
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The work of the International Association for Testing 
Materials. Annual Address by the Chairman, Professor 
Mansfield Merriman. 

Bulletin No. 5. Issued October, 1899. Pp. 27-52. 

Preliminary Report on the Present State of Knowledge Con- 
cerning Impact Tests, by Professors W. Kendrick Hatt 
and Edgar Marburg. 

Bulletin No.6. Issued November, 1899. Pp. 53-72. 
Report of Second Annual Meeting, August 15-16, 1899. 
Minutes of the Executive Committee to August 16, 1899. 
Bulletin No. 7. Issued January, tg00. Pp. 73-80. 
Minutes of the Executive Committee to January 6, 1900. 
Miscellaneous Announcements. 
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Proposed Standard Specifications for Structural Steel for 
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Bulletin No. 12. Issued May, 1900. Pp. 107-110. 
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Proposed Standard Specifications for Steel Forgings. 
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Proposed Standard Specifications for Steel Castings. 
Bulletin No. 17. Issued May, 1900. Pp. 129-134. - 
Proposed Standard Specifications for Wrought Iron. 
Bulletin No. 18. Issued May, 1900. Pp. 135-144. 
Report of the American Branch of International Committee 
No. t. 


Bulletin No. 19. Issued Sepiember, 1900. Pp. 145-172. 
Program of the Third Annual Meeting. 
Minutes of the Executive Committee, ‘April 7, 1900. 
Correspondence Relating to the Representation of the 
American Section on the International Council. 


Bulletin No. 20. Issued October, 1900. Pp. 173-184. 
Progress Report of the American Branch of International 
Committee No. 1. 


Bulletin No. 21. Issued March, 1901. Pp. 185-214. 
Announcement of International Congress of 1gor. 
Report of Third Annual Meeting, October 25-27, 1900. 
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Bulletin No. 22. Issued May, toot. Pp. 215-216. 
Program of the Fourth Annual Meeting. 


Bulletin No. 23. Issued June, 1901. Pp. 217-230. 
List of Members of the American Section. : 
By-Laws of the American Section. 


Bulletin No. 24. Issued June, 1901. Pp. 231-236. 
Revised Standard Specifications for Wrought Iron. 


Bulletin No. 25. Issued June, 1901. Pp. 237-244. 
Report of the American Branch of International Committee 
No. 1. 


Bulletin No. 26. Issued July, 1901. Pp. 245-246. 
Letter Ballot on Proposed Standard Specifications. 


Bulletin No. 27. Issued August, 1901. Pp. 247-262. 
Report of Fourth Annual Meeting, June 29, 1901. 


Bulletin No. 28. Issued May, 1902. Pp. 263-266. 
Program of the Fifth Annual Meeting. 


VOLUME II. 


Summary of Proceedings of the Fifth Annual Meeting. 
Annual Address by the Retiring President, Henry M. Howe. 


Proposed Modifications of the Standard Specifications for Steel 
Rails. Topical Discussion. 


Is it Desirable to Specify a Single Grade of Structural Steel for 
Bridges of Ordinary Spans? ‘Topical Discussion. 
Formal Discussion: A. P. Boller, T. L. Condron, Theodore 
Cooper, J. E. Greiner, John McLeod, C. C. Schneider, 
J. P. Snow. 


Rail Temperatures. Simon Strock Martin. 


Finishing Temperature and Structure of Steel Rails. Albert 
Sauveur. 


The Relation between the Basic Open-Hearth Process and the 
Physical Properties of Steel. Topical Discussion. 


Steel Rivets. Gaetano Lanza. 
The Ethics of Testing. Paul Kreuzpointner. 
Standard Cement Specifications. R. W. Lesley. 
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The Advantages of Uniformity in Specifications for Cement and 
Methods of Testing. George S. Webster. 


The Chemical Analysis of Cement: Its Possibilities and Limi- 
tations. Richard K. Meade. 


Cement Testing in Municipal Laboratories. Richard L. Hum- 
phrey. 

Tests of Reinforced Concrete Beams. W. Kendrick Hatt. 

Effect of Variation in the Constituents of Cast Iron. W. G. Scott. 

Present Status of Testing Cast Iron. Richard G. Moldenke. 


The Need of Foundry Experience for the Proper Inspection and 
Testing of Cast Iron. Thos. D. West. 


A Quick and Automatic Taper Scale Test. Asa W. Whitney. 

High Strength of White Iron Castings as Influenced by Heat 
Treatment. Alex. E. Outerbridge, Jr. 

Notes on Current Specifications for Cast Iron Pipe. Walter 
Wood. 

On the Constitution of Cast Iron. Henry M. Howe. 


APPENDICES. 


Appendix I. Report on the Buda-Pesth Congress. Henry M. 
Howe. 


Appendix II. Bibliography on Impact Tests and Impact Testing 
Machines. W. Kendrick Hatt and Edgar Marburg. 


Appendix III. Rules for Standard Tests of Materials Formu- 
lated by the German Association for Testing Materials 
(English Translation). 


Price List. 


Bulletins Nos. 1, 2 and 3 are out of print. The remaining 
publications may be obtained on application to the Secretary 
at the following prices: Bulletins Nos. 4 to 28, inclusive, ten 
cents (.10) each; Volume IJ., three dollars ($3), postage prepaid. 
Libraries, publishers and book-dealers are allowed a discount of 
20 per cent. 
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INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS. 


BY-LAWS. 


Adopted at the Buda-Pesth Congress, roor, 


Section 1. The Association shall be called “Tar INTERNA- 
TIONAL ASSOCIATION FOR TESTING MATERIALS.” 

Sec. 2. The objects of the Association are: the development 
and unification of standard methods of testing; the investigation 
of the technically important properties of the materials of con- 
struction and other materials of technical importance, and also 
the perfecting of apparatus used for this purpose. 

These objects will be furthered: 

1. By the Congresses and other meetings of the Association. 
2. By the publication of an official Journal. 
3. By any other means that may appear desirable. 

Sec. 3. The funds necessary for carrying out the purposes 

mentioned in Section 2 will be raised by 
1. The annual subscriptions of members. 
2. Profits from the official Journal. 
3. Other contributions. 

Src. 4. Any person may become a member upon being pro- 
posed by two members of the Association. 

Official bodies and technical societies can be elected directly 
on their sending in their application for membership. 

Applications for membership must be sent in writing to the 
President or to a member of the Council. : 

Resignations of membership must be sent in the same way. 

Src. 5. It is the duty of every member to further the interests 
of the Society to the best of his ability. 

Every member is required to pay an annual subscription of 
at least 6 Mks. = 6 shillings = $1.50.* 

The Council is authorized to increase the annual subscription 
in order to cover extraordinary expenses incurred in the interests 
of the Association. 


* Subscriptions are to be paid to the duly appointed collectors in each country, 
the card of membership serving as a receipt, Subscriptions not paid by the first 
of July are collected through the post-office. 
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Szc. 6. Every member has the right to obtain the Journal of 
the Association, during the period for which his subscription has 
been paid, on paying the fixed reduced price.* 

Sc. 7- The Association will hold a Congress, as a rule, every 
second year- 

The arrangements for the Congresses will be discussed at 
general meetings and in meetings of the different sections. 

Sections will re ee ee materials 


‘my feclil cpeotiems tlsteae ta the alice ok Go 
sections will be considered at sectional meetings. 

The members assisting at the sectional debates, under the 
presidency of 2 member of the Council, will appoint the governing 
bodies of the different sections. 


French and English, and will be sent (in the language preferred) 
to all members who have announced their intention of taki 

in the Congress, within fourteen days before the meeting of the 
Congress, if possible. 

The decisions of the Congress will be printed in all three 
languages and sent to all members of the Association. 

Suc. 8. The Council of the Association will transact all neces- 

The Council will consist of the President and the duly elected 
members. 

Every country represented in the Association by at least 
twenty members has the right to propose one member as member 
of the Council 

The President will be elected by the Congress, the Council 
by the members belonging to the different countries. 


* The reduced price has been fixed at 10 Mks. = 10 shillings —$2.50. This 
sam mey be sent im with the subscriptions. The yearly volumes begin on 


Jameary = 
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Till such election has taken place the former members of the 
Council remain in office. 

The names of proposed new members of the Council have 
to be communicated to the President before each Congress. 

The two Vice-Presidents will be elected by the Council from 
among its own members. 

The Council is entitled to transact business when it has been 
duly called together according to rule and when the President or 
one of the Vice-Presidents is present. 

Members of the Council may be re-elected. 

If a member of the Council resigns during his term of office, 
the President shall immediately direct the election of a substitute 
by the members belonging to the country in question. 

In the event of the death or resignation of the President, the 
Council will appoint one of its members to carry on the presidential 
duties till the next Congress. 

The term of office of the Council lasts from one Congress till 
the next. 

Sec. g. The business of the Association will be attended to 
by the President, assisted by a paid Secretary. 

The members of the Council will attend to the business of 
the Association in the country which they represent. 

SEc.10. The resolutions of the Congresses on technical questions 
merely serve to express the opinion of the majority. They are there- 
fore in the form of recommendations and are in no way binding. 

Sec. 11. The resolutions of the Congresses can only be carried 
if at least three-fourths of the recorded votes are in favor of them. 
Every member of the Association present, as well as every repre- 
sentative of official bodies and technical societies, has one vote. 

The rights and duties of a member of the Association are not 
altered by the fact of his belonging at the same time to a national 
or other Association which Association is itself a member of the 
International Association. 

Src. 12. The technical problems to be considered by the Asso- 
ciation will be decided upon by the Congresses and by the Council 
and will be duly referred to commissions or reporters appointed 
by the Council. 

Src. 13. The Council draws up its own regulations according 
to the By-Laws of the Association and to the needs which may 
from time to time present themselves. 

Sec. 14. In the event of the Association being dissolved, any 
funds belonging to it will be handed over to the “International 
Red Cross Association.” 


THE INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS. 


TECHNICAL PROBLEMS, COMMITTEES? AND REFEREES. 
As constituted in August, 1903, 


Section A. 


METALS, 


Problem 1.—On the basis of existing specifications, to seek 
methods and means for the introduction of international speci- 
fications for testing and inspecting iron and steel of all kinds. 
(Proposed at the Zurich Congress, 1893.) 

; Committee. 
Chairman, A. Rieppel, Aeussere Cramer-Klettstrasse 12, Nurem- 


burg, Germany. > 
Vice-Chairman, G. Alpherts, Koninginnegracht 66, Hague; Hol- 
land. 


American Members, H. H. Campbell, James Christie, Carnegie 
Steel Company, represented by John McLeod; Franklin 
Institute, represented by Wm. H. Wahl, Paul Kreuzpointner, 
R. G. Moldenke, W. R. Webster, Walter Wood. 


Problem 2.—To establish methods of inspection and testing 
for determining the uniformity of individual shipments of iron 
and steel. (Proposed at the Stockholm Congress, 1897.) 


Committee. 


Chairman, W. Ast, Nordbahnhof, Vienna, ‘aaa 

Vice-Chairman, (office vacant). 

American M embers, Booth, Garrett and Bair, Thos. Gray, Gus. 
C. Henning, Paul Kreuzpointner, A. A. Stevenson, W. R. 
Webster, Albert Sauveur. 


* The Ganeiek only the Chairman, the Vice-Chairman, and American Mem- 
bers of International Committees are here given. 
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Problem 3.—On the properties of soft steel (Flusseisen) at 
abnormally low temperatures. (Proposed at the Zurich Congress, 
1895.) 

Rejeree (office vacant). 

Problem 4.—Methods for testing welds and weldability. 
(Proposed at the Zurich Congress, 1895.) 

Referee, R. Krohn, Gutehoffnungshuette, Sterkrade, Germany. 


Problem 5.—Collection of data for establishing standard 
rules for piece tests, with special reference to.axles, tires, springs, 
pipes, etc. (Proposed at the Zurich Congress, 1895.) 


Committee. 


Chairman, W. Rayl, Nordbahnstrasse 50, Vienna II, Austria. 
Vice-Chairman, A. Sailler, Favoritenstrasse 20, Vienna IV, Aus- 
tria. 


American Members, M. H. Wickhorst, H. V. Wille. 


Problem 6.—On the most practical methods of polishing 
and etching for the macroscopic study of iron and steel. (Pro- 
posed at the Zurich Congress, 1895.) 

Referee, E. Heyn, Carmerstrasse 15, Charlottenburg, Germany. 


Problem 25.—To establish uniform methods of testing cast 
iron and finished castings. (Proposed at the Buda-Pesth Con- 
gress, Igor.) 

Committee. 


Chairman, C. Juengst, Kurfuerstendamm, 214 p. Charlottenburg, 
Germany. 

Vice-Chairman, R. G. Moldenke, P. O. Box 432, New York, N. Y. 

American Members, Alex. E. Outerbridge, Jr., Albert Sauveur, 
Thos. D. West. 


Problem 26.—Tests with notched bars for ascertaining the 
relations between the different methods of testing and for fixing 
the numerical values representing the different properties of metals. 
(Proposed at the Buda-Pesth Congress, root.) 

Rejeree, Ed. Sauvage, rue Eugtne Flachat 14, Paris, France. 


Problem 27.—Ball-pressure tests for ascertaining the rela- 
tions between the different methods of testing and for fixing the 
numerical values representing the different properties of metals. 
(Proposed at the Buda-Pesth Congress, 1901.) 

Referee, A. Wahlberg, Techn. Hochschule, Stockholm, Sweden. 
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Problem 28.—The consideration of the magnetic and elec- 
tric properties of materials in connection with their mechanical 
testing. (Proposed at the Buda-Pesth Congress, 1901.) 
Referees, K. Hochenegg, Techn. Hochschule, Karlsplatz, Vienna 

IV, Austria; M. von Hoor Tempik, Kgl. techn. Hochschule, 

Buda-Pesth, Hungary. 


Srcrion B. 


NATURAL AND ARTIFICIAL BUILDING STONES AND THEIR CEMENTS. 


Problem 7.—On the relation of chemical composition to the 
weathering qualities of building stones; the influence of smoke, 
especially sulphurous acid on building stones; the weathering 
qualities of roofing slates. (Proposed at the Zurich Congress, 
1895.) 

Committee. 
Chairman, A. Hanisch, Schellinggasse 13, Vienna I, Austria. 
Vice-Chairman, P. Larivitre, Quai Jemmapes 170, Paris, France. 
American’ Members, J. F. Kemp, Mansfield Merriman. 


Problem 9.—On rapid methods for determining the strength 
of hydraulic cements. (Proposed at the Zurich Congress, 1895.) 


Committee. 


Chairman, F. Berger, Rathhaus, Vienna I, Austria. 

Vice-Chairman, L. von Tetmajer, Techn. Hochschule, Karlsplatz, 
Vienna IV, Austria. 

American Members, W. W. Maclay, Chas. F. McKenna. 


Problem 10.—To digest and evaluate the resolutions of the 
conferences of 1884-1893 concerning the adhesive qualities of 
hydraulic cements. 

Referee, R. Féret, Boulogne-sur-Mer, France. 
Problem 11.-——To establish methods for testing puzzolanas 


with the object of determining their value for mortars. (Pro- 
posed at the Zurich Congress, 1895.) 


Committee. 


Chairman, G. Herfeldt, Andernach, Germany. 
Vice-Chairman, C. Segré, Ancona, Italy. 
American Members, A. Lundteigen. 
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Problem 12.—Investigation on the behavior of cements as 
to time of setting and on the best method for determining the 
beginning and the duration of the process of setting. (Proposed 
at the Zurich Congress, 1895; enlarged in conformity with the 
resolution of the Buda-Pesth Congress, 1gor.) 


Commiitee. 


Chairman, EK. Candlot, rue d’Edimbourg 18, Paris, France. 

Vice-Chairman, N. Lamine, Zabalkansky 9, St. Petersburg, 
Russia. y 

American Members, Spencer B. Newberry, Clifford Richardson. 


Problem 13.—On the normal consistency of cement mortars 
for test specimens. (Proposed at the Zurich Congress, 1895.) 


Committee. 


Chairman, A. Greil, Rathhaus, Vienna I, Austria. 

Vice-Chairman, L. von Tetmajer, Techn. Hochschule, Karlsplatz, 
Vienna IV, Austria. 

American Member, R. L. Humphrey. 


Problem 14.—On the influence of sulphurous acid on artificial 
stones and mortars. (Proposed at the Stockholm Congress, 1897.) 
Referee (office vacant). 


Problem 15.—On the action of sulphuretted hydrogen dis- 
solved in water or in a gaseous condition upon different kinds of 
mortar. (Proposed at the Stockholm Congress, 1897.) (To be 
treated as Problem 14, and eventually added to it.) 

Rejeree (office vacant). 


Problem 29.—Determination of the liter weight of cement. 
The strength of neat hydraulic cements. Determination of a 
standard sand. (Proposed at the Buda-Pesth Congress, rgor.) 
Referees, N. Belelubski, rue Serpuchowskaja 4, St. Petersburg, 

Russia; F. Schuele, Edig. Polytechnikum, Zurich, Switzer- 

land. 


Problem 30.—Determination of the simplest method for the 
separation of the finest particles in Portland cement by liquid 
and air processes. (Proposed at the Buda-Pesth Congress, 1901.) 
Referee, M. Gary, Kgl. mech.-techn. Versuchsanstalt, Charlotten- 

burg, Germany. 
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Problem 31.—On the behavior of cements in sea water. 
(Proposed at the Buda-Pesth Congress, 1901.) 
Rejeree, H. Le Chatelier, Place du College de France 9, Paris, 
France. 


Problem 32.—On accelerated tests of the constancy of volume 
of cements. (Proposed at the Zurich Congress, 1895.) 


Committee. 


Chairman, Bertram Blount, Broadway Westminster, London, 
S. W., England. 

Vice-Chairman (office vacant). 

American Members, R. W. Lesley, Spencer B. Newberry. 


Problem 33.—On the influence of the proportion of water 
and sand on the strength of Roman and other cements. (Pro- 
posed at the Buda-Pesth Congress, 1901.) 

Rejeree, The Hungarian Society for Testing Materials, Buda- 

Pesth, Hungary. 


SECTION C. 
OTHER MATERIALS; 


Problem 17.—On methods of testing tile pipe. (Proposed 
at the Stockholm Congress, 1897.) 
Rejeree, M. Gary, Kgl. mech.-techn. Versuchsanstalt, Charlotten- 
burg, Germany. 


Problem 18.—On the methods of testing the protective power 
of paints used on metallic structures. (Proposed at the Zurich 
Congress, 1895.) 

Referees, Albert Grittner, Kobanyai ut 30, Buda-Pesth, Hungary; 

E. Ebert, Centralbahnhof, Munich, Germany. 


Problem 19.—On uniform methods for testing lubricants. 
(Proposed at the Zurich Congress, 1895.) 
Rejeree, N. Petroff, Zagorodny 70, St. Petersburg, Russia. 


Problem 23.—On uniform methods for compression tests of 
wood. 
Committee. 
Chairman, Prof. A. Schwappach, Eberswalde, Germany. 
Vice-Chairman, A. Wykander, Goeteborg, Sweden. 
American Member, Filibert Roth. 
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Problem 35.—Study of the methods of testing caoutchouc. 
(Proposed at the Buda-Pesth Congress, 190.) 


Comumittee. 


Chairman, E. Camerman, rue Philippe Le Bon 73, Brussels, 
Belgium. 

Vice-Chairman (office vacant). 

American Member, R. G. Pearson. 


SECTION D. 
MISCELLANEOUS SUBJECTS. 


Problem 22.—Considering that the resolutions formed by the 
International Conferences of Munich, Dresden, Berlin, Vienna 
and Zurich, for the purpose of attaining unity in the methods of 
testing materials, and the report of the Committee of the American 
Society of Mechanical Engineers do not agree in many points with 
the decisions arrived at by the French Commission, it is proposed 
that the Council appoint a commission which shall prepare a report 
upon these differences, and proposals for ways and means of 
abolishing them. 

Committee. 


Chairman, N. Belelubsky, rue Serpouchowskaya 4, St. Petersburg, 
Russia. 

Vice-Chairmen, A. Martens, Kgl. mech.-techn. Versuchsanstalt, 
Charlottenburg, Germany; E. Sauvage, l’Ecole des Mines, 
Paris, France. 

American Members, Albert Ladd Colby, Gus. C. Henning, R. G. 
Moldenke, George F. Swain, George S. Webster, W. R. 
Webster, Walter Wood. 


Problem 24.—On uniform nomenclature of iron and steel. 
(Resolution of Council, February 3, 1901.) 


Committee. 


Chairman, H. M. Howe, 27 West Seventy-third street, New 
Works Nee ys 

Vice-Chairmen, L. Lévy, rue de la Rochefoucauld 19, Paris, 
France; D. Tschernoff, rue Pessatschenaia 2 5, St. Petersburg, 
Russia. 

Secretary, Albert Sauveur, 446 Tremont Street, Boston, Mass. 
American Member, H. H. Campbell. 


480 TECHNICAL PROBLEMS, INTERNATIONAL ASSOCIATION. 


Problem 34.—Fixing a uniform definition and nomenclature 
of the bitumens. (Proposed at the Buda-Pesth Congress, 1901.) 


Commiitee. 
Chairman, G. Lunge, Eidg. Polytechnikum, Zurich, Switzerland. 
Vice-Chairman, Jenoe Kovacs, Tataros (Post Mezoe Telegd), 


Hungary. 
American Members, A. W. Dow, Clifford Richardson. 


1h ee nbeime Peay sot 


TECHNOLENICON. 


Note.—The Executive Committee has directed that space be given to the 
following communication, as a matter of general interest to the members of the 
Society. 


The universal technical dictionary for translation purposes, 
in English, German, and French, the compilation of which was 
begun in 1gor under the auspices of the Socrety or GERMAN 
ENGINEERS, has received help up to the present time from 363 
technical societies at home and abroad: 51 of these are English, 
American, South African, etc.; 274 German, Austrian,and German- 
Swiss; and 38 French, Belgian, and French-Swiss societies. Of 
firms and individual collaborators 2573 have promised contribu- 
tions. 

The excerption of texts in one, two, or three languages (hand- 
books, pamphlets, business letters, catalogues, price-lists, etc.) and 
of the existing dictionaries has yielded 1,920,000 word-cards so 
far. To these will be added within the next two years (by the 
middle of 1906) the hundred thousands of word-cards that will 
form the result of the original contributions—those already sent 
in and those still expected—of the 2573 collaborators at home and 
abroad, when the editors in Berlin have finished them for the 
press. 

Specially made handy note-books had been placed at the dis- 
posal of the collaborators to write their collections in, of which 
317 have come in filled so far. 

All the outstanding contributions will be called in by Easter 
oj this year, 1904. The collaborators are therefore requested to 
close their note-books or other contributions—unless a later term 
has been especially arranged with the Editor-in-Chief—by the 
end of March and to forward them to the address given below. 
As the printing of the Technolexicon is to begin in the middle of 


Si 
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1906, delayed contributions can be made use of in exceptional 
cases only up to that time. 


The Editor-in-Chief will be pleased to give any further infor- 


mation wanted. 
Address: 
TECHNOLEXICON, 
Dr. HUBERT JANSEN, | 
Dorotheenstrasse 49, Berlin (NW. 7). 


er 
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Annual — by the President, Charles B. Dudley, 7. 
Alloys. ; 
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Standard Sizes of Test-Bars for—. Alexander E. Outerbridge, Jr., 216. 
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Physical Properties of Malleable —as Influenced by the Process of Manu- 
facture. Richard G. Moldenke, 204. 

Specifications for Boiler Plate, Rivet Steel, Steel — and Steel Forgings, 
Recommended by a Committee of the American Society of Mechanical 
Engineers, 82, Discussion, 89. 


Standard Specifications for Cast Iron and Finished —. Report of Commit- 
tee “B,” go. Discussion, 43. 
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Effect of Water and Combinations of Sand upon the Setting Properties and 
Tensile Strength of Portland and Natural —. E. S. Larned, 4or. Dis- 
cussion, 41. 

Portland — Mortar Exposed to Cold. C. S. Gowen, 303. Discussion, 


. 


399. 
Soundness Tests of Portland —. W. P. Taylor, 374. Discussion, 357. 
Standard Specifications for— Report of Committee “C.” 45. 


Committee Reports. 
Auditing Committee, — 462. 
Committee “A,’* on Standard Specifications for Iron and Steel, 35. 
Committee “B,’”’ on Standard Specifications for Cast Iron and Finished Cast- 
ings, go. Discussion, 43. 
Committee “C,’* on Standard Specifications for Cement, 45. : 
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Committee “G,” on the Magnetic Properties of Iron and Steel, $7. 
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Concrete. 
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mended by a Committee of the American Society of Mechanical Engineers, 
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Apparatus for Determining the Energy Losses in Transformer —. J. Walter 
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Malleable Castings. 
See Castings. 
Mortar. 
Compressive Strength of Concrete and — Cubes. C. H. Umstead, 414. 
Portland Cement — Exposed to Cold. C. S. Gowen, 393- Discussion, 399 
Natural Cement. 
See Cement. 
Nickel Steel. 
See Steel. 
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See Preservative Coatings. 
Pig Iron. 
Machine-Cast Sandless — in Relation to the Standardizing of — for Foundry 
Purposes. Edgar S. Cook, 186. Discussion, 202. 
Portland Cement. 
See Cement. 
Preservative Coatings. 
— for Iron and Steel. Report of Committee “E,”’ 47. Discussion, 53: 
President’s Address, 
See Address. 
Proceedings. 
— of the Sixth Annual Meeting, 7. 
Rails. 
Control of the Finishing Temperature of Steel — by the Thermo-Magnetic 
Selector. Albert Sauveur and Jasper Whiting, 278. Discussion, 284. 
Rolling of Piped —. Topical Discussion, 121. General Discussion, Lake 
Specifications for Steel — Adopted by the American Railway Engineering 
and Maintenance of Way Association, 74. Discussion, 76. 
Stremmatograph Tests of Unit Fiber Strains and their Distribution in the Base 
of Rails under Moving Locomotives, Cars and Trains. P. H. Dudley, 262. 
Railway Congress. 
History and Methods of the International —. P. H. Dudley, 344. 
Road Material. 
United States — Laboratory: Its Aims and Methods. L. W. Page and A. 
Cushman, 293. Discussion, 306. 
Specifications. 
~for Boiler Plate, Rivet Steel, Steel Castings and Steel Forgings, Recom- 
mended by a Committee of the American Society of Mechanical Engineers, 
82. Discussion, 80. . 
— for Iron and Steel Structures, adopted by the American Railway Engineer- 
ing and Maintenance of Way Association, 59. 
— for Locomotive Axles and Forgings, Recommended by a Committee of the 
American Railway Master Mechanics’ Association, 69. 
— for Steel Rails, Adopted by the American Railway Engineering and Main- 
tenance of Way Association, 74. Discussion, 76. 
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Albert Ladd Colby, 9s. 
Standard — for Cast Iron and Finished Castings. Report of Committee 
“B,” 40. Discussion, 43. 
Standard — for Cement. Report of Committee “C,” 45. 
Standard — for Iron and Steel. Report of Committee “A,” 35. 
3i* 
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Springs. 

—and Spring Steel. William Metcalf, 108. 
Standard Specifications. 

See Specifications. 
Steel. 
Magnetic Properties of Iron and—. Report of Committee “G,” 57. 
Nickel —: Its Properties and Applications. Albert Ladd Colby, 141. Dis- 
cussion, 156. 
Requirements for Structural — for Ship-building Purposes. Topical Dis- 
cussion, IOI. 
Specifications for Boiler Plate, Rivet —, Steel Castings and Steel Forgings, 
Recommended by a Committee of the American Society of Mechanical 
Engineers, 82. Discussion, 89. 
Springs and Spring—. William Metcalf, 108. 
Standard Specifications for Iron and—. Report of Committee “A,” 35. 
Stresses. 

Alternate — in Bridge Members. Gustav Lindenthal, 169. 
Technolexicon. 

Technolexicon, 481. 
Testing 

—of Bearing Metal. G. W. Clamer, 248. Discussion, 251. 
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Master Car Builders’ Drop — as Installed at Purdue University. W. F. M. 
Goss, 256. 
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Timber — to be Undertaken by the Bureau of Forestry, United States Depart- 
ment of Agriculture. W. K. Hatt, 308. Discussion, 340. 

Timber. . 

Test Work to be Undertaken by the Bureau of Forestry, United States Depart- 

ment of Agriculture. W. K. Hatt, 308. Discussion, 340. 
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